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INTRODUCTION 


Breast  cancer  is  a  rare  disease  in  men,  affecting  approximately  0.1%  over  their  lifetime, 
as  compared  to  12%  in  women.  However,  despite  the  difference  in  prevalence,  male  and  female 
breast  cancers  are  similar  in  presentation  and  response  to  treatment.  Risk  factors  for  male  breast 
cancer  (MBC)  include  a  positive  family  history  of  male  or  female  breast  cancer,  benign  breast 
disease  (primarily  gynecomastia),  testicular  disorders,  Klinefelter’s  syndrome  (XXY),  and 
obesity  (see  reviews  in  Thomas,  1993;  Lynch  et  al.,  1999). 

In  families  with  multiple  cases  of  female  breast  cancer  and  a  male  breast  cancer  (MBC), 
we  had  observed  that  these  families  were  not  linked  to  BRCAl  (Stratton  et.  al.,  1994),  the  first 
gene  found  to  predispose  to  breast  cancer.  Using  these  same  families,  we  localized  BRCAl 
(Wooster  et  al.,  1994),  a  second  gene  predisposing  to  breast  cancer.  BRCAl  was  cloned  in  1995 
(Wooster  et  al.,  1995;  Tavtigian  et  al.,  1996).  We  were  interested  in  the  proportion  of  male 
breast  cancer  attributable  to  mutations  in  BRCAl  and  estimated  that  10-15%  of  male  breast 
cancer  could  be  caused  by  BRCAl  mutations.  Since  this  proposal  was  funded,  several  studies 
have  been  published  investigating  the  association  of  MBC  and  BRCAl.  In  a  study  of  loss  of 
heterozygosity  (LOH)  of  markers  spanning  the  BRCAl  gene,  16  of  24  (67%)  MBC  cases  showed 
LOH  in  at  least  one  of  the  two  markers,  suggesting  a  role  for  BRCAl  in  the  development  and/or 
progression  of  MBC  (Prechtel  et  al.,  1998).  Screening  for  BRCAl  mutations  in  male  breast 
cancer  cases  has  been  performed  by  several  groups.  Seven  (21%)  BRCAl  germline  mutations 
were  reported  in  a  Swedish  study  of  34  MBC  patients.  Of  those  seven  cases,  only  one  had  a 
family  history  of  breast  cancer  (Haraldsson  et  al.,  1998).  In  a  British  study  of  28  MBC  cases,  2 
(7%)  deleterious  mutations  were  identified  (Mavraki  et  al.,  1997).  In  a  US  study  of  54  MBC 
cases,  two  (4%)  cases  had  BRCAl  mutations,  and  one  of  them  had  a  family  history  of  breast 
cancer  (Friedman  et  al.,  1997).  In  a  study  of  18  Hungarian  male  breast  cancer  cases,  6  of  18 
(33%)  had  truncating  mutations  in  BRCAl  and  no  mutations  in  BRCAl  (Csokay  et  al.,  1999). 
Combining  all  four  of  these  studies,  the  proportion  of  MBC  cases,  unselected  for  a  family  history 
of  breast  cancer,  with  a  germline  mutation  in  BRCAl  is  12.7%.  These  were  small  studies  and 
were  not  population-based. 

The  objective  of  this  grant  was  to  study  MBC  cases  in  order  to  characterize  the  role  of 
BRCAl  in  MBC  and  to  estimate  the  attributable  risk  of  male  breast  cancer  due  to  BRCAl 
germline  mutations.  Because  the  risk  of  male  breast  cancer  is  small,  most  BRCAl  families  will 
present  without  a  male.  Through  ascertainment  of  male  breast  cancer  cases  with  a  family 
history,  we  can  identify  additional  women  in  families  with  a  BRCAl  mutation  who  have  a  high 
(>50%)  lifetime  risk  of  the  disease. 


BODY 

The  aims  of  this  grant  changed  slightly  since  the  initial  submission,  and  the  technical 
objectives  below  follow  the  approved,  revised  statement  of  work. 

Technical  Objective  1  (tasks  1-4):  Ascertainment  of  male  breast  cancer  cases 

Participating  individuals.  This  study  was  approved  by  the  University  of  Utah  Institutional 
Review  Board.  Males  with  confirmed  breast  cancer  diagnosed  between  the  years  1963  and  2000 
were  enrolled  in  the  study  (Table  1).  One  hundred  and  eight-seven  male  breast  cancer  cases 
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particpated.  The  cases  from  the  Utah  Cancer  Registry,  the  Wyoming  Cancer  Registry,  the 
Colorado  Cancer  Registry,  the  Idaho  Cancer  Registry,  and  the  Imperial  Cancer  Research  Fund 
(ICRF)  are  population-based,  those  from  Memorial  Sloan  Kettering  Cancer  Center  (MSKCC), 
University  of  Chicago,  and  University  of  Texas  Southwestern  Medical  Center  are  clinic-based, 
and  those  from  the  internet  and  referrals  are  self-selected.  For  the  participants  from  MSKCC  and 
ICRF,  DNA  samples  and  minimal  questionnaire  data  were  mailed  to  us.  For  each  participant 
from  the  Registries  and  internet,  as  well  as  those  self-referred,  a  15  ml  blood  sample  was 
collected.  DNA  was  extracted  from  blood  using  a  Centra™  kit.  Participants  from  the  Registries 
and  the  internet  were  asked  to  complete  a  self-administered  questionnaire,  with  detailed  family 
history  of  breast  and  other  cancers,  of  which  94  were  completed  by  the  end  of  this  funding 
period.  Twelve  cases  died  prior  to  completing  questionnaires.  Diagnoses  were  verified  through 
medical  records  when  available. 

Table  1.  Source  of  male  breast  cancer  cases 


Source 

#  cases 

+family 

history 

-  family 
history 

Unknown  family 
history 

Utah  Cancer  Registry 

65 

35 

28 

2 

Idaho  Cancer  Registry 

6 

2 

4 

0 

Colorado  Cancer  Registry 

23 

9 

14 

0 

Wyoming  Cancer  Registry 

4 

1 

3 

0 

ICRF 

31 

10 

21 

0 

Self-selected  (e.g.WWW  internet  site) 

24* 

12 

12 

0 

University  of  Chicago 

6 

2 

2 

2 

Memorial  Sloan  Kettering 

24 

15 

9 

0 

University  of  Texas 

4 

3 

1 

0 

Total 

187 

89 

94 

4 

Family  history  and  age  at  diagnosis.  Data  for  family  history  of  breast  cancer  in  first-  or 
second-degree  relatives  were  available  for  183  men.  Of  the  183  men,  89  (49%)  had  a  family 
history  and  95  (53%)  had  no  family  history.  Age  at  diagnosis  of  cancer  was  available  for  153 
men  (only  from  the  population-based  and  self-referred  cases).  The  mean  age  at  diagnosis  was  61 
years  with  a  range  from  28-93  years.  Mean  age  at  diagnosis  was  56.5  years  for  those  with  a 
family  history  and  was  63.9  years  for  those  men  without  a  family  history  (p  <  0.001).  Of  men 
with  both  an  age  at  diagnosis  and  family  history,  no  men  with  a  family  history  were  diagnosed 
after  age  79  years  as  compared  to  8  men  without  a  family  history  .Twelve  of  the  men  with  a 
family  history  were  diagnosed  at  less  than  45  years  of  age  as  compared  to  8  men  without  a 
family  history. 

Klinefelter  syndrome.  As  part  of  examining  risk  factors  for  MBC,  we  investigated  whether 
there  was  an  excess  of  Klinefelter  syndrome  (an  extra  X  chromosome  so  that  the  genotype  is 
XXY).  Tissue  was  unavailable  for  determining  the  karyotype  of  the  MBC  cases.  As  a  surrogate 
for  karyotyping,  we  genotyped  with  two  polymorphic  markers  on  chromosome  X,  DXS102  and 
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the  androgen  receptor  CAG(n).  We  observed  the  number  of  heterozygotes  at  the  markers,  which 
would  indicate  two  X  chromosomes.  Of  the  155  male  breast  cancer  cases  for  whom  genotyping 
was  complete  at  both  chromosome  X  loci,  2  men  (1.3%)  appear  to  have  two  X  chromosomes, 
suggestive  of  Klinefelter  syndrome.  This  is  a  significantly  increased  rate  over  the  estimated 
population  prevalence  of  1-2  per  1,000  men  (p  <  0.001).  Our  estimate  is  likely  conservative, 
because  we  can  not  distinguish  between  men  homozygous  (XXY)  and  men  hemizygous  (XY)  at 
these  loci  on  the  X  chromosome.  Other  studies  have  reported  that  3-7.5%  of  male  breast  cancer 
cases  have  Klinefelter  syndrome  (reviewed  in  Lynch  et  al.,  1999). 

Technical  Objective  2  (tasks  5-7):  Characterization  of  loss  of  heterozygosity  (LOH). 

The  original  intent  of  this  objective,  designed  prior  to  cloning  BRCA2,  was  to  classify  the 
MBC  cases  as  likely  carrying  a  BRCAl  or  BRCA2  mutation  based  on  loss  of  chromosomal 
segments  in  the  regions  containing  BRCAl  and  BRCA2.  However,  BRCA2  was  cloned  prior  to 
funding  of  the  grant,  so  that  we  proceeded  directly  to  screening  for  mutations  in  the  MBC  cases. 
It  was  very  difficult  to  obtain  blocks, In  many  instances,  blocks  were  unavailable,  slides  were 
available  but  could  not  be  used  for  extraction  of  DNA,  or  requests  to  hospitals  were  not  filled. 
Slides  were  cut  from  blocks  of  26  cases,  and  of  those,  there  was  insufficient  non-admixed  tumor 
tissue,  or  not  enough  tumor  tissue,  for  5  cases.  Thus,  we  performed  our  LOH  studies  on  samples 
from  18  cases.  Duplicate  slides  were  taken  to  Dr.  J.  Marshall,  a  cytopathologist,  to  identify  non- 
admixed  tumor  and  normal  tissue  from  each  slide.  He  was  unable  to  do  this  for  all  cases,  and 
several  contained  admixed  tumor  and  normal  tissue.  We  then  extracted  DNA  from  paraffin- 
embedded  tissue  of  21  male  breast  cancer  cases  using  a  simple  proteinase  K  extraction  method. 
PCR  reactions  were  performed  for  4  markers  for  BRCAl  and  4  markers  for  BRCA2.  We 
examined  LOH  for  each  tumor  pair  at  each  marker,  by  comparing  the  banding  pattern  of  the 
normal  to  the  tumor  tissue.  Loss  of  heterozygosity  as  measured  by  loss  of  one  allele,  was 
considered  to  be  a  minimum  of  a  50%  decrease  in  signal  of  one  allele  in  comparison  to  the  other. 
Where  the  two  alleles  at  the  marker  were  the  same  (homozygous),  the  marker  was  uninformative. 
Five  of  the  male  breast  cancer  cases  appear  to  have  loss  of  heterozygosity  for  1  or  2  markers  for 
BRCAl.  However,  we  will  need  to  confirm  this  result  by  examining  LOH  at  additional  markers. 
The  frequency  of  loss  at  BRCA2  in  this  set  of  male  breast  cancer  cases  is  23.8%.  This  was  a 
smaller  proportion  than  reported  in  a  previous  small  study  (Prechtel  et  al.,  1998).  There  was  no 
evidence  for  any  LOH  at  BRCAL 

Technical  Objective  3  :  BRCAl  mutation  screening  of  MBC  participants  from  the 
Registries  and  the  internet.  In  a  revised  Statement  of  Work,  the  previous  objective  3  to  perform 
fine-structure  haplotype  construction  was  replaced  with  this  objective. 

Single  strand  conformational  analysis  (SSCA)  was  used  to  screen  for  mutations  in 
BRCAL  Primer  pairs  were  designed  so  that  amplicons  overlapped  and  spanned  all  coding  regions 
and  intron/exon  boundaries.  The  amplicon  size  was  less  than  250  bp  in  order  to  increase  the 
sensitivity  to  detect  mutations.  When  a  variant  band  was  observed,  it  was  sequenced  in  both 
directions  to  identify  the  actual  mutation.  There  are  45  overlapping  amplicons  for  BRCAL  We 
completed  BRCAl  mutation  screening  for  68  male  breast  cancer  cases.  Because  of  insufficient 
quantitites  of  DNA,  we  were  only  able  to  screen  for  mutations  in  male  breast  cancer  cases 
collected  from  Utah  and  we  did  not  examine  any  case  with  a  deleteriousBi?CA2  mutation.  No 
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deleterious  BRCAl  mutations  were  detected.  We  identified  10  common  polymorphisms,  which 
are  in  linkage  disequilibrium,  and  4  missense  mutations. 

Technical  Objective  4  (tasks  11-12):  Screening  for  BRCAl  mutations 

Table  2.  BRCAl  mutations  identified  from  175  MBC  cases  screened 


Mutation 

Type  of  mutation 

#  observations; 

(%) 

IVS2+1G>A 

Splice 

1 

279delAC 

Frameshift 

1 

1002delAA 

Frameshift 

1 

2158delA 

Frameshift 

1 

4359ins6 

Frameshift 

1 

4075delGT 

Frameshift 

1 

4706del4 

Frameshift 

1 

6174delT 

Frameshift 

8 

6175delG 

Frameshift 

1 

8804delA 

Frameshift 

1 

8822insT 

Frameshift 

1 

9325insA 

Frameshift 

2 

9481insA 

Frameshift 

1 

G49L 

Missense 

1 

S2247G 

Missense 

1 

T1505A 

Missense 

1 

T1915M 

Missense 

2 

T2005A 

Missense 

1 

A2466V 

Missense  -  likely  polymorphism 

1* 

D1420Y 

Missense  -  likely  polymorphism 

3 

N991D 

Missense-likely  polymorphism 

4 

IVS16-14T>C 

Non-coding 

1 

IVS8+56C>T 

Non-coding 

1 

IVS2+1G>A 

Non-coding  splice 

1 

203G>A 

Polymorphism 

(18%) 

3'UTR 

Polymorphism 

(22%) 

3'UTR 

Polymorphism 

(15%) 

K1132K 

Polymorphism 

(23%) 

IVS21-66T>C 

Polymorphism- 

non-coding 

(52%) 

K3326X 

Known  polymorphism 

1 

L1522L 

Silent 

1* 

S646S 

Silent 

1 

V2171V 

Silent 

1* 

*Same  individual  had  three  variants. 
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SSCA  was  also  used  to  screen  for  mutations  in  BRCA2,  using  the  same  procedures  as 
described  in  Technical  Objective  3.  There  are  73  amplicons  for  BRCA2.  When  a  variant  band 
was  observed,  it  was  sequenced  in  both  directions  to  identify  the  actual  mutation.  Mutation 
screening  was  completed  for  175  cases.  The  mutations  found  are  listed  in  Table  2. 

Of  the  20  MBC  cases  with  a  deleterious  frameshift  or  splice  mutation,  7  had  no  family 
history  of  breast  cancer,  3  had  only  a  second-degree  relative  with  breast  cancer,  and  10  had  a 
first-degree  relative  with  breast  cancer.  Seven  of  the  MBC  cases  with  mutations  were  from 
MSKCC.  All  had  a  family  history  and  six  cases  carried  the  founder  mutation,  6174delT.  Of  the 
9  population-based  samples  with  a  deleterious  mutation,  4  had  a  positive  family  history.  Based 
on  mutations  known  to  be  deleterious,  the  prevalence  of  BRCA2  mutations  is  1 1.4%  (20/175)  for 
all  samples.  For  only  population-based  samples,  the  prevalence  is  6.2%  (9/144). 

Technical  Objective  5  (task  13):  Extending  and  sampling  within  families  of  male  breast 
cancer  probands  with  BRCA2  germline  mutations 

We  were  only  able  to  extend  families  from  MBC  cases  with  mutations  that  were 
identified  in  the  Registries,  on  the  Internet,  or  self-referred.  The  families  from  MSKCC  and 
ICRF  were  unavailable.  Of  the  7  men  for  whom  we  could  sample  within  families,  5  families 
could  be  extended,  i.e.,  we  could  contact  first  degree  relatives.  We  have  sampled  from  1  to  9 
family  members  and  identified  additional  mutation  carriers  within  these  families. 


KEY  RESEARCH  ACCOMPLISHMENTS 

•  Collecting  the  largest  single-site  set  of  MBC  cases 

•  Screening  for  mutations  in  BRCAl  and  BRCA2  mutations  in  MBC  cases 

•  Identifying  20  BRCA2  mutations  in  175  male  breast  cancer  cases  (1 1.4%) 

•  Determining  that  Klinefelter  syndrome  is  in  excess  in  MBC 

•  Determining  that  a  family  history  of  breast  cancer  is  associated  with  an  earlier  age  at 
diagnosis  of  male  breast  cancer 

REPORTABLE  OUTCOMES: 

Neuhausen  S,  Godwin  A,  Gershoni-Baruch  R,  Schubert  E,  Garber  J,  Stoppa-Lyonnet  D,  Olah  E, 
Csokay  B,  Serova  O,  Lallo  F,  Osorio  A,  Stratton  M,  Offit,  K,  Boyd  J,  Caligo  A,  Scott  R, 
Schoefield  A,  Teugels  E,  Cannon- Albright  L,  Bishop  T,  Benitez  J,  King  MC,  Ponder  B, 
Weber  B,  Devilee  P,  Borg  A,  Narod  S,  Goldgar  D:  (1998)  Haplotype  and  phenotype 
analysis  of  nine  recurrent  BRCA2  mutations  in  1 1 1  families;  results  of  an  international 
study.  Am  J  Hum  Gen.,  62:1381-1388. 

Neuhausen  SL:  (1999)  Ethnic  differences  in  cancer  risk  resulting  from  genetic  variation. 
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CONCLUSIONS 

Male  breast  cancer  is  a  relatively  rare  disease,  as  shown  by  our  difficulty  in  collecting  a 
large  number  of  living  cases  for  this  study  in  a  short  period  of  time.  Thus,  the  cases  are 
prevalent  rather  than  incident  cases.  Time  from  diagnosis  to  enrollment  varied  from  less  than  12 
months  to  30  years.  There  was  a  significant  difference  in  age  at  diagnosis  between  those  with 
and  without  a  family  history. 

BRCA2  mutation  screening  was  completed  on  175  MBC  cases.  Twenty  known 
deleterious  mutations  were  identified  (frameshift  mutations  that  caused  premature  protein 
termination  and  a  splice  mutation)  for  a  prevalence  of  1 1.4%.  Eleven  of  the  mutation  carriers 
were  from  clinics  or  self-referred,  including  7  MBC  cases  with  the  founder  6174delT  mutation. 
When  excluding  the  cases  with  the  founder  mutation,  the  prevalence  is  7.7%.  When  including 
only  the  population-based  samples,  the  prevalence  is  6.2%.  Because  the  sensitivity  of  SSCA  is 
likely  80%,  the  population  prevalence  of  only  the  population-based  cases  is  7.8%.  Family 
history  is  not  a  good  predictor  of  BRCA2  mutation  status.  BRCA2  mutations  appear  to  be  more 
prevalent  in  unselected  MBC  cases  than  in  unselected  female  breast  cancer  cases.  Mutations  in 
BRCAl  did  not  play  a  role  in  the  cases  screened. 
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PREVALENCE  AND  CHARACTERIZATION  OF 
BRCA2  IN  MALE  BREAST  CANCER  CASES 

Susan  L.  Neuhausen 


University  of  Utah 


susan@episun5  .med.utah.edu 

Introduction:  Male  breast  cancer  is  rare,  with  an  incidence  rate  of  0.5-1/100,000  per 
year.  The  objective  of  this  grant  is  to  study  unselected  male  breast  cancer  cases  to 
estimate  the  attributable  risk  of  male  breast  cancer  due  to  BRCA2  mutations. 

Materials  and  Methods:  This  study  was  approved  by  the  University  of  Utah 
Institutional  Review  Board.  Male  breast  cancer  cases  were  recruited  primarily  through 
the  Utah  Cancer  Registry,  as  well  as  from  the  Wyoming  Cancer  Registry,  Dr.  Bishop  at 
the  ICRF  in  the  UK,  a  support  group  on  the  internet,  and  Dr.  Offit  at  Memorial  Sloan 
Kettering  Cancer  Center  in  New  York.  For  each  participant,  a  15  ml  blood  sample  and  a 
self-administered  questionnaire  with  detailed  family  history  of  breast  and  other  cancers 
were  collected.  DNA  was  extracted  from  blood  using  a  Centra™  kit.  Single  strand 
conformation  polymorphism  (SSCP)  analysis  followed  by  sequencing  of  variants  was 
performed  to  identify  mutations  in  coding  regions  and  intron/exon  boundaries  of  BRCA2. 
SSCP  was  performed  on  73  amplicons,  with  an  average  size  of  250  base  pairs. 

Results:  141  Caucasian  male  breast  cancer  cases  are  participating.  Age  at  diagnosis 
ranges  from  28-93  years.  Of  the  94  cases  with  family  history  data,  52%  have  a  family 
history  of  breast  cancer  in  at  least  one  first  degree  relative.  One  individual  had  three 
variants,  two  silent  and  1  missense  (all  likely  polymorphisms).  Four  missense  mutations 
of  unknown  functional  significance,  3  mutations  that  are  likely  polymorphisms,  and 
seven  obvious  polymorphisms  were  identified.  Ten  frameshift  mutations  were  found  in 
15  cases,  including  5  cases  with  the  6174delT  Ashkenazi  Jewish  founder  mutation. 

Based  on  mutations  known  to  be  deleterious,  the  prevalence  is  10.6%  (15/141).  This  is  a 
conservative  estimate,  because  we  do  not  yet  have  data  on  all  samples  for  all  amplicons. 
Five  mutation  carriers  have  a  positive  family  history,  2  have  a  negative  family  history, 
and  7  are  unknown. 

Conclusions:  The  percentage  of  BRCA2  mutations  in  this  sample  is  10.6%.  Accounting 
for  the  sensitivity  of  SSCA  of  approximately  80%,  the  population  prevalence  is  13.3% 
[(15/141)/.80].  Family  history  is  not  a  good  predictor  of  BRCA2  mutation  status.  BRCA2 
mutations  appear  to  be  more  prevalent  in  unselected  male  cases  than  in  unselected  female 
breast  cancer  cases. 


DAMD 17-96-1-6266 


Pathobiologic  Characteristics  of  Hereditary 
Breast  Cancer 

BEVERLY  J.  lynch,  MD,  JOSEPH  A.  HOLDEN,  MD,  PhD, 

SAUNDRA  S.  BUYS,  MD,  SUSAN  L.  NEUHAUSEN,  PhD, 

AND  DAVID  K.  GAFFNEY,  MD,  PhD 


Padents  with  hereditary  breast  cancer  (HBC)  present  at  a  young 
age  with  breast  cancers  that  show  adverse  pathological  characteristics 
such  as  high  nuclear  grade,  negadve  hormone  receptor  status,  and 
high  proliferadon  indices.  Surprisingiy,  the  clinical  course  has  been 
reported  to  be  comparable  or  improved  compared  with  patients  with 
nonhereditary  breast  cancer  (non-HBC).  To  determine  whether  there 
are  any  molecular  markers  that  might  help  explain  this  paradox 
between  pathologically  aggressive  neoplasms  in  patients  with  HBC 
and  the  lack  of  extreme  clinically  aggressive  disease,  we  studied 
several  molecular  parameters  in  a  group  of  34  breast  cancer  patients 
with  mutations  in  either  the  BRCAl  or  BRCA2  tumor  suppressor 
genes  and  compared  them  with  a  group  of  20  breast  cancer  patients 
with  non-HBC.  In  general,  patients  with  HBC  had  tumors  that  were  of 

Breast  cancer  is  the  leading  malignancy  in  women 
and  the  second  most  common  cause  of  cancer-related 
deaths  in  the  United  States.^  Observations  of  a  family 
history  of  breast  cancer  with  an  early  age  of  onset 
spurred  research  into  the  investigation  of  specific  genes 
that  may  be  responsible  for  the  development  of  this 
disease.  As  a  result,  BRCAl  and  BRCA2,  the  two  genes 
that  appear  to  confer  susceptibility  to  the  development 
of  breast  carcinoma,  have  been  isolated  and  character¬ 
ized.  The  BRCAl  gene  has  been  mapped  to  chromo¬ 
some  17q  12-21,  and  the  BRCA2  gene  has  been  mapped 
to  chromosome  13ql2-13.2’^  Together,  these  two  genes 
probably  account  for  the  majority  of  hereditary  breast 
cancer  (HBC) ,  or  5%  to  10%  of  all  breast  cancers."^’^ 

The  clinical  aspects  and  the  pathological  character¬ 
istics  of  the  neoplasms  in  patients  with  HBC  have  not 
been  widely  studied.  From  the  limited  data  available,  it 
appears  that  patients  with  HBC  may  have  a  better  than 
or  similar  prognosis  to  patients  with  sporadic  tumors.^ 
This  result  is  surprising  because  several  studies  have 
indicated  that  breast  cancers  arising  in  patients  with 
HBC  have  pathological  characteristics  such  as  high 
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higher  nuclear  grade,  contained  a  higher  population  of  proliferating 
cells,  showed  increased  expression  of  DNA  topoisomerase  Il-alpha 
(topo  n-alpha),  lacked  hormone  receptors,  and  were  more  likely  to 
show  immunopositivity  for  the  pSS  tumor  suppressor  gene.  Addition¬ 
ally,  tumors  from  patients  with  HBC  showed  a  decreased  angiogenesis 
compared  with  controls.  The  decreased  angiogenesis  and  the  elevated 
expression  of  topo  Il-alpha  (an  anticancer  drug  target)  may,  in  part, 
explain  the  lack  of  correlation  between  clinical  course  and  histologi¬ 
cal  characteristics  in  patients  with  HBC.  Hum  Pathol  29:1140-1144. 
Copyright  ©  1998  by  W.B.  Saunders  Company 

tuords:  hereditary  breast  cancer,  BRCAl,  BRCA2,  immunohis- 
tochemicai  staining,  DNA  topo  H-alpha. 

Abbreviation:  HBC,  hereditary  breast  cancer. 

nuclear  grade,  high  proliferation  indices,  absent  hor¬ 
mone  receptor  status,  and  increased  p53  immunoposi¬ 
tivity;  features  that  are  usually  associated  with  more 
aggressive  disease.^’^^^ 

In  an  effort  to  understand  more  fiilly  this  apparent 
paradox  between  relatively  favorable  clinical  course  and 
poor  pathological  indicators,  we  evaluated  the  pathologi¬ 
cal  characteristics  of  breast  carcinoma  in  21  patients 
with  known  BRCAl  mutations  and  in  13  patients  with 
known  BRGA2  mutations  and  compared  them  with  the 
pathological  characteristics  observed  in  breast  carci¬ 
noma  from  20  patients  with  non-HBC.  The  patients 
selected  for  comparison  were  consecutive  cases  ob¬ 
tained  from  a  single  institution  and  were  not  matched 
to  the  case  groups.  Several  new  histological  parameters 
that  may  have  important  prognostic  implications  in 
breast  cancer,  and  have  not  been  previously  studied  in 
this  group  of  tumors,  such  as  DNA  topoisomerase 
Il-alpha  and  tumor  microvessel  density,  have  been 
evaluated. 

MATERIALS  AND  METHODS 

Patient  Characteristics 

Breast  cancer  tissue  was  available  from  21  patients  with 
BRCAl  mutations  (one  patient  had  metachronous,  bilateral 
breast  cancers,  and  consequendy,  there  were  a  total  of  22 
cases),  and  from  13  patients  with  BRCA2  mutations,  represeiit- 
ing  nine  BRCAl  families  and  six  BRCA2  families  (Table 
Each  identified  mutation  was  unique,  with  the  exception  of 
kindreds  1001  and  2301.^®*^^  Germline  mutations  were  identi¬ 
fied  by  full  genomic  sequencing  for  20  of  21  (95%)  of  BRCAl 
patients  and  10  of  13  (77%)  of  BRCA2  patients.  The  other 
cases  were  included  based  on  a  high  lod  score  and  shared 
haplocype  among  breast  cancer  cases  (Table  1).  A  group  of  20 
sporadic  cases  of  breast  cancer  were  retrieved  from  the 
surgical  pathology  files  at  the  University  of  Utah  and  were  not 
matched  to  the  BRCAl  or  BRCA2  cases.  The  genotype  status 
of  the  patients  was  blinded  to  the  reviewing  pathologist  All 
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TABLET.  Mutations 


Kindred 

BRCAl 

1001 


2305 

2331 

2373 

BRCA2 

107 

1018 

2044 

2327 

2367 

2388 


No.  of 
Patients 


Mutadon 


SP-FS,  IVS  5  (- 1 1,  T  >  G,  59  bp 

itu) 

FS,  188  del  11 
Del,  14  Kb 
NS.  Gin  1313  ter 
MS,  .Met  1775Arg 
SP-FS,  IVS5  (-11,T>G.  59  bp 
ins) 

FS,  2982  del  5 

Linked 

FS,  3875  del  4 

FS,  277  del  AC 
FS,  982  del  4 
FS,  4766  del  4 
lod  score  1.92 
SP,IVS2(  +  1,G>A) 
lod  score  0.92 


Abbreviations;  SP,  splice  site;  FS.  Same  shift;  NS.  nonsense;  MS 
missense;  IVS,  intervening  sequence;  del.  deletion;  ins.  insertion.  ’ 


carcinomas  found  greater  than  20%  positivity  to  be  significant 
toth  for  missense  mutations  as  well  as  patient  prognosis 

neoplasms  that  contained  greater 
than  20%  nuclear  immunostaining  were  considered  positivr 
and  tumors  that  contained  20%  or  less  immunostaining  were 
considered  negative.  Overexpression  of  Her2/neu  was  oh- 
served  by  nodng  any  distinct  membrane  staining  of  the  tumor 
cells  ^  descnbed.'^  Hormone  receptor  staining  was  inter 
preted  as  posmve  if  nuclear  staining  was  observed  in  greater 
than  20%  of  the  cells,  and  negative  when  20%  orfewer^f  the 
cells  showed  positive  staining.  Microvessel  density  was  deter¬ 
mined  as  described.22  After  staining  with  factor  VIII,  the  slide 
w^  evaluated  to  determine  the  area  with  the  highest  intensity 
of  saining.  The  number  of  vessels  were  counted  in  four  20X 
fields.  The  lowest  count  was  discarded,  and  the  remaining 
three  counts  averaged  and  expressed  as  the  number  of  vessek 
divided  by  the  size  of  the  microscopic  field. 

Statistics 

For  continuous,  numerical  values,  a  Hest  was  used  to 
compare  groups.  Otherwise,  chi-square  or  Wilcoxon  rank- 
sum  test  were  applied."  Satisfies  were  performed  with  the  use 
of  Satworks  (Abacus  Concepts.  Inc.,  Berkeley,  CA),  Macin- 
tosh  computer  program. 


slides  were  reviewed  to  confirm  the  diagnosis  and  given  a 
modified  Bloom-Richardson  score.'*  The  use  of  human  tissue 
for  this  work  was  approved  by  the  Institutional  Review  Board 
at  the  University  of  Utah. 

Chemicais  and  Antibodies 

The  source  of  the  chemicals  and  antibodies  used  were  as 
described. '■*  In  addition,  antibodies  against  the  von  Wille- 
brand  factor  and  p53  (clone  DO-7)  were  from  DAKO  (Caroin- 
teria,  CA).  ^ 

Immunohistochemicai  Staining 
and  interpretation 

Immunohistochemicai  staining  of  histological  sections 
prepared  from  human  breast  cancers  was  performed  as 
described  in  detail  elsewhere. Briefly,  slides  were  deparaf- 
finized  and  heated  (except  for  HER2/neu,  which  does  not 
require  the  heating  step)  in  10  mmol/L  sodium  citrate  (pH 
6.0)  for  30  minutes  in  a  microwave  oven.  After  cooling, 
immunohistochemicai  staining  was  performed  with  the  use  of 
a  Ventana  320  automated  immunohistochemicai  stainer  in 
accord  with  the  manufacturer’s  instructions.  Detection  was 
with  a  secondary  mouse  and-immunoglobulin  linked  to  biotin 
followed  by  incubation  with  streptavidin  linked  to  horseradish 
peroxidase.  Color  development  was  accomplished  with  diami- 
nobenzidine  as  the  chromogen. 

The  dilutions  of  the  antibodies  used  in  immunohisto¬ 
chemicai  staining  were  as  follows;  topo  H-alpha,  1:500;  MIBl, 
1:40;  estrogen  and  progesterone  receptors,  1:60;  Her2/neu 
(c-erb-2);  1:800;  Factor  VIII;  1:1600;  p53, 1:80. 

Topo  Il-alpha  and  MIBl  were  e.xpressed  as  the  topo 
Il-alpha  or  MIBl  index,  respectively.  This  was  performed  as 
described  and  represents  the  percent  of  positive  staining 
cells. Evaluation  of  p53  expression  was  performed  in  a 
similar  fashion.  At  least  500  tumor  cells  were  counted,  and  the 
number  of  positive  p53  staining  cells  was  determined.  Evalua¬ 
tion  of  p53  immunostaining  has  not  yet  been  standardized. 
Authors  have  used  as  little  as  1%  to  greater  than  20%  cell 
positivity  as  a  positive  interpretation,  suggesting  gene  muta¬ 
tion  and  accumulation  of  mutant  protein. Independent 
research  evaluating  neuroendocrine  lung  tumors  and  breast 


RESULTS 

Clinicopathologic  Features  of  Patients 
With  HBC  and  Non-HBC 


Breast  cancer  develops  at  an  earlier  age  in  HBC 
than  in  non-HBC.  The  median  age  of  onset  was  42.4 
years  in  BRGAl  padents  (P  <  .001,  versus  sporadic 
controls).  48.4  years  in  BRCA2  padents  (P=  .04,  versus 
sporadic  controls),  and  60.6  years  in  sporadic  cases 
(Table  2).  Padents  with  HBC  have  tumors  of  higher 
grade  (A <.001  and  />=  .009  for  BRCAl  cases  and 
BRCA2  cases,  respectively).  The  mitodc  score  was  in- 
creased  in  the  BRCAl  group  veisus  the  control  group 
(P  -  .003) .  The  BRCA2  group  had  more  tumors  with  a 


TABLE  2.  Clinicopathologic  Featuros  of  Hereditary 
_ and  Nonheredftory  Bredst  Cancer 


BRCAl 

BRCA2 

Non-HBC 

Age 

(mean) 

42.4t 

48.8* 

60.6 

(range) 

Tumor  grade 

(21*63) 

(34-78) 

(33^7) 

1 

1  (4%) 

4(31%) 

7  (35%) 

2 

7(32%) 

6  (40%) 

10  (50%) 

3 

Mitodc  score 

14  (64%)t 

3(23%)t 

3(15%) 

I 

5  (22%) 

6  (45%) 

17  (85%) 

2 

3(14%) 

3  (23%) 

0(0%) 

3 

14  (69%)t 

4(31%) 

3  (15%) 

tstrogen  receptor 

Posidve 

5  (23%) 

5  (38%) 

16  (80%) 

Negative 

17  (77%)t 

8  (62%) 

4  (20%) 

rrogesterone  receptor 

Positive 

5  (23%) 

5  (38%) 

16  (80%) 

Negative 

17  (17%)t 

8  (62%) 

4  (20%) 

NOTE.  P  values  represent  differences  compared  with  the  non- 
HBC  group. 

*P<  .05. 
t/»<.005. 
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•'  mitotic  score  of  3,  but  the  difference  was  not  statistically 
♦  significant  {P-  .075).  Additionally,  the  BRCAl  group 
also  displayed  an  increase  in  nuclear  pleomorphism 
versus  sporadic  controls  (P=  .043,  data  not  shown). 
Medullary  'features  were  identified  in  2  of  22  (9%) 

,  BRG\1  casts  and  in  zero  BRCA2  cases.  Lx^bular  features 
were  seen  in  2  of  22  (9%)  BRCAl  cases  and  1  of  13  (8%) 
BRCA2  cas^s.  Tubular  differentiation  was  seen  in  2  of  22 
(9%)  BRCAl  cases  and  3  of  13  (23%)  BRCA2  cases.  For 
both  BRCAl-  and  BRCA2-related  breast  cancer,  there 
was  a  decrease  in  estrogen  and  progesterone  receptor 
positivity  versus  sporadic  controls,  but  only  the  BRCAl 
population  was  statistically  different  (Table  2) . 

Proliferation  Markers  in  HBC  and  Non-HBC 

Because  of  the  higher  mitotic  scores  in  tumors 
from  patients  with  HBC,  we  postulated  that  these 
neoplasms  would  express  higher  levels  of  the  prolifera¬ 
tion  markers,  topo  Il-alpha,  and  MIBl,  than  would 
tumors  from  patients  with  non-HBC.  The  average  topo 
Il-alpha  index  of  53  and  MIBl  index  of  57  for  BRCAl 
tumors  is  significantly  higher  than  the  topo  Il-alpha 
index  of  24  and  MIBl  index  of  29  for  the  sporadic 
tumors  (both  P<  .001,  Table  3).  Tumors  from  patients 
with  BRCA2  mutations  fall  between  these  two  values 
with  an  average  topo  Il-alpha  index  of  35  and  an 
average  MIBl  index  of  40,  As  shown  in  Figure  1,  topo 
Il-alpha  indices  correlate  well  with  MIBl  indices  in  all  of 
the  breast  cancers  groups  studied  (correlation  coeffi¬ 
cient,  R  =  .93). 

Her2/neu,  p53,  and  Microvessel  Density 
in  HBC  and  Non-HBC 

Expression  of  Her2/neu  was  a  relatively  rare  event 
in  all  of  the  breast  cancers  studied  and  was  not  statisti¬ 
cally  different  between  patients  with  HBC  and  non- 
HBC.  As  shown  in  Table  3,  only  one  tumor  with  a 
BRCAl  mutation,  one  tumor  with  a  BRCA2  mutation, 
and  three  tumors  in  the  control  population  expressed 
this  oncogene.  In  contrast,  tumors  from  patients  with 
HBC  showed  an  increased  frequency  of  p53  immu- 


TABLE  3.  Immunohlstochemical  Staining 
Characteristics  of  Hereditary  and  Nonhereditary 
Breast  Cancer 


BRCAl 

BRCA2 

Non-HBC 

Topo  [I  alpha 

(mean  ±  SD,  %) 

53  i  26t 

35  ±  22 

24  ±  19 

Mibl  (mean  ±  SD,  %) 

57  ±  28t 

40  ±  18 

29  ±  19 

Her2/neu  expression 
Positive 

I  (5%) 

1  (8%) 

3  (15%) 

Negative 

21  (95%) 

12  (92%) 

17  (85%) 

p53  Immunopositivity 
Positive 

8  (36%)« 

5  (38%)^ 

2  (10%) 

Negative 

14  (64%) 

8  (62%) 

18  (90%) 

Microvessel  density 
Microvessels/mm* 
(mean  ±  SD) 

15.6  i  7.8* 

14.6  It  9.9 

22.7  i  11.8 

NOTE,  lvalues  represent  dilfercnces  compared  with  the  non- 
HBC  group. 

*pc  05 
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FIGURE  ^ ,  Correlation  of  the  topo  Il-alpha  and  MIB 1  indices  in 
HBC  and  non-HBC  The  topo  Il-cipha  and  MIBl  Indices  were 
determined  as  described  In  Materials  and  Methods.  They  have 
been  divided  by  100  and  expressed  as  the  fraction  of  positive 
staining  tumor  cells.  The  correlation  coefficient  between  the 
topo  Il-alpha  index  and  MIBl  index  is  0.93  (•  =  BRCAl- 
■  =  BRCA2;  A  =  non-HBC). 


nopositivity.  Using  a  cutoff  point  of  20%  as  shown  in 
Table  3, 10%  of  sporadic  tumors  were  p53  immunoposi- 
tive,  whereas  36%  of  BRCAl  patients  and  38%  of 
BRCA2  patients  were  p53  positive  (P  =  .04  and  P  =  .05, 
respectively;  chi-square  analysis).  If  p53  positivity  was 
compared  as  a  continuous  variable,  the  BRCAl  and 
BRCA2  groups  retained  statistical  significance  (P  =  .021 
and  P=  .012,  respectively)  compared  with  the  non- 
HBC  group.  However,  if  a  cutoff  point  of  10%  was 
applied,  the  BRCAl  group  remained  statistically  signifi¬ 
cant  (P^  .05),  whereas  the  BRCA2  group  did  not  The 
microvessel  density  was  less  in  tumors  from  HBC  pa¬ 
tients  than  in  tumors  from  non-HBC  patients.  The 
average  microvessel  density  score  was  15.5  in  BRCAl 
patients  (P-  .03)  and  14.6  in  BRCA2  patients  versus 
22.7  seen  in  patients  with  non-HBC. 

DISCUSSION 

In  this  work,  we  evaluated  the  pathological  and 
clinical  features  of  breast  cancer  arising  in  patients  with 
HBC.  Several  points  of  caution  are  indicated  in  interpret¬ 
ing  these  results.  Patients  were  accrued  from  families  at 
high  risk  for  HBC,  and  consequently  do  not  represent  a 
cross  section  of  the  population.  The  number  of  patients 
included  is  small;  hence,  the  statistical  power  is  limited. 
The  control  group  was  not  matched  for  any  prognostic 
factors  such  as  stage,  age,  receptor  status,  or  nodal 
status.  Thus,  multiple  biases  are  possible.  It  was  a  series 
of  sequential  cases  at  a  single  hospital,  and  as  such,  it 
allows  comparison  with  other  series.  Additionally,  the 
use  of  “cutoff’  values  is  not  uniform  in  the  literature. 
Both  the  BRCAl  and  BRCA2  groups  were  significant 
compared  with  the  non-HBC  group  with  a  cutoff  point 
of  20%;  however,  the  BRCA2  group  lost  significance 
with  a  cutoff  point  of  10%.  The  selection  of  a  cutoff 
value  for  interpreting  p53  positivity  in  breast  carcino- 
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is  cridcEi  to  select  differences  and  for  evaluating 
'prognostic  significance.^^ 

In  this  study,  the  BRCAl  cases  or  the  BRCA2  cases 
were  significantly  different  compared  with  the  non- 
,  matched  control  group  in  terms  of  age,  tumor  grade, 
mitodc  score,  ER  posidvity,  PR  posidvity,  topo  Il-alpha 
staining,  Mibl  stadning,  p53  immunoposidvity,  and 
microvessel  density  (Tables  2,  3).  The  only  significant 
difference  betvyeen  the  BRCAl  and  BRCA2  groups  was 
found  for  tumor  grade  (P  <  .05)  with  high-grade  tu¬ 
mors  observed  for  64%  of  BRCAl  cases  and  23%  of 
BRCA2  cases  (Table  2) . 

In  confirmadon  of  previous  data,  we  found  that  the 
age  of  onset  in  padents  with  HBC  is  roughly  a  decade 
earlier  than  in  patients  with  non-HBC.'^'®  The  frequency 
of  medullary  and  lobular  features  in  BRCAl-  and 
BRCA2-related  breast  cancer  observed  here  is  consis¬ 
tent  with  previous  reports.'^  '®  In  addition,  patients  with 
HBC  generally  have  neoplasms  that  show  adverse  histo¬ 
logical  features.  These  include  tumors  with  high  nuclear 
grade,  high  proliferation  indices,  lack  of  hormone 
receptor  posidvity,  and  an  increase  incidence  of  p53 
immunopositivity.®-7’'®'’2.i3  in  spite  of  these  negative 
prognostic  markers,  other  investigators  have  shown  that 
patients  with  HBC  have  comparable  or  improved  sur¬ 
vival  compared  with  patients  with  non-HBC.®-®-2<.25  jn  a 
larger  study  that  included  30  BRCAl  patients  and  20 
BRCA2  patients,  we  evaluated  overall  survival  compared 
with  sporadic  controls  matched  for  tumor  size,  age,  and 
date  of  diagnosis,  and  there  were  no  differences  in 
survival  at  5  or  10  years.2^  Thus,  our  data  suggest  that 
survival  is  similar  for  BRCAl  patients,  BRCA2  patients, 
and  non-HBC  patients. 

In  one  repon  of  patients  with  BRCAl-related  breast 
cancers,  ^de  was  believed  to  segregate  as  a  genetic 
trait  within  families.  Moreover,  this  was  attributed  to 
mitotic  index  segregation,  and  a  possible  genotype- 
phenotype  correlation  was  suggested.  Although  our 
patient  numbers  are  small,  especially  when  evaluated 
per  kindred  (Table  1),  our  data  do  not  confirm  this 
hypothesis.  A  normal  range  was  observed  for  all  evalu¬ 
ated  parameters  within  families,  including  grade,  mi¬ 
totic  index,  Mibl,  topo  Il-alpha,  and  p53. 

To  understand  this  apparent  paradox  between 
histological  findings  and  clinical  course,  we  investigated 
the  expression  of  several  markers,  which  have  not 
previously  been  evaluated  in  HBC.  Amplification  of 
HER2/neu  oncogene  has  been  correlated  with  more 
aggressive  disease.  The  number  of  cases  in  our  study 
that  showed  increased  expression  of  this  oncogene  was 
too  small  to  yield  statistically  significant  results. 

Microvessel  density  has  also  been  suggested  to  yield 
prognostic  information  in  breast  cancer.  Low  microves¬ 
sel  density  suggests  a  more  favorable  clinical  course. ‘®-22 
Interestingly,  we  found  that  the  average  microvessel 
density  score  in  tumors  from  patients  with  BRCAl- 
related  breast  cancer  was  statistically  lower  than  that 
observed  in  a  control  group.  The  prognostic  implica¬ 
tions  of  microvessel  density  and  its  reproducibility  is 
controversial.  It  is  possible  that  tumors  arising  in  pa¬ 
dents  with  HBC  may  have  a  decreased  ability  to  undergo 


angiogenesis  compared  with  non-HBC  tumors  and  th' 
may  modify  the  clinical  course.  Further  studies  will 
required  to  explore  this  observation. 

Our  proliferation  data  suggest  another  possible 
molecular  mechanism  that  may  partially  explain  the 
clinical  response  of  patients  with  HBC  to  therapy.  It  has 
been  suggested  previously  that  breast  cancers  with  a 
high  population  of  cycling  cells  have  a  high  likelihood 
of  responding  to  chemotherapy. 2®  However,  those  tu¬ 
mors  that  do  not  initially  respond  or  in  which  a  large 
number  of  cells  are  not  killed,  would  show  an  early 
relapse.26  Thus,  the  proliferation  index  of  a  breast 
cancer  could  be  viewed  as  showing  both  positive  and 
negative  clinical  correlations.  We  found,  as  others  also 
have,  that  tumors  from  patients  with  HBC  have  higher 
proliferation  indices  than  tumors  from  patients  with 
non-HBC.^®'*®  In  addition,  we  have  shown  in  this  study 
that  these  high  proliferation  indices  correlate  with 
increased  expression  of  topo  Il-alpha.  Topo  Il-alpha  is 
an  enzyme  elevated  in  proliferating  cells,  where  its 
function  is  to  separate  intertwined  DNA  strands  before 
mitosis.  Although  clearly  a  marker  of  cell  proliferation, 
topo  Il-alpha  is  also  the  molecular  target  of  many 
clinically  used  antitumor  drugs. Cells  that  express 
high  topo  Il-alpha  levels  are  drug  sensitive,  and  cells 
that  express  low  topo  Il-alpha  are  drug  resistant.  Some 
of  the  drugs  that  target  topo  Il-alpha  such  as  doxorubi¬ 
cin  are  used  in  the  treatment  of  breast  cancer.  It  is 
possible  that  the  increased  expression  of  topo  Il-alpha 
in  HBC  might  play  an  important  role  in  the  relatively 
favorable  clinical  response  of  these  patients  to  chemo¬ 
therapy.  If  resistant  clones  do  not  arise  early  in  the 
course  of  HBC,  then  the  high  proliferative  indices  in 
HBC  tumors  could  have  positive  prognostic  implica¬ 
tions.  The  decreased  level  of  angiogenesis  in  BRCAl- 
related  tumors  may  reduce  the  rate  of  early  metastatic 
spread  of  tumor  cells.  The  positive  prognostic  implica¬ 
tions  of  high  tumor  cell  proliferation  and  decreased 
^S^ogenesis  might  balance  out  negative  indicators 
found  in  this  group  of  tumors  such  as  increased  fre¬ 
quency  of  p53  immunoposidvity,  high  nuclear  grade, 
and  lack  of  hormone  receptor  positivity.  Thus,  it  is 
plausible  mechanistically  that  patients  with  HBC  may 
have  a  similar  clinical  outcome  to  patients  with  non- 
HBC.  Further  work  correlating  therapy  and  clinical 
outcome  with  molecular  markers  in  HBC  and  non-HBC 
would  be  useful  to  answer  this  question. 
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Summary 

Several  BRCA2  mutations  are  found  to  occur  in  geo¬ 
graphically  diverse  breast  and  ovarian  cancer  families. 

o  investigate  both  mutation  origin  and  mutation-spe- 
ufic  phenotypes  due  to  BRCA2,  we  constructed  a  hap¬ 
lotype  of  10  polymorphic  shon  tandem-repeat  (STR) 
markers  flanking  the  BRCA2  locus,  in  a  set  of  1 1 1  breast 
or  breast/ovarian  cancer  families  seleaed  for  having  one 
of  nine  recurrent  BRCA2  mutations.  Six  of  the  individual 
mutations  are  estimated  to  have  arisen  400-2,000  years 
ago.  In  particular,  the  6174delT  mutation,  found  in 
^1%  of  individuals  of  Ashkenazi  Jewish  ancestry,  w^as 
I  ^timated  to  have  arisen  29  generations  ago  (1-LOD 
support  interval  22-38).  This  is  substantially  more  re¬ 
cent  than  the  estimated  age  of  the  BRCAl  ISSdelAG 
mutation  (46  generations),  derived  from  our  analogous 
study  of  BRCAl  mutations.  In  general,  there  was  no 
evidence  of  multiple  origins  of  identical  BRCAl  muta- 
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tions.  Our  study  data  were  consistent  with  the  previous 
repon  of  a  higher  incidence  of  ovarian  cancer  in  families 
with  mutations  in  a  3.3-kb  region  of  exon  11  (the  ovar¬ 
ian  cancer  cluster  region  [OCCR])  (P  =  .10);  but  that 
higher  incidence  was  not  statistically  significant.  There 
was  significant  evidence  that  age  at  diagnosis  of  breast 
cancer  varied  by  mutation  (P  <  .001 ),  although  only  8% 
of  the  variance  in  age  at  diagnosis  could  be  explained 
by  the  specific  mutation,  and  there  was  no  evidence  of 
family-specific  effects.  When  the  age  at  diagnosis  of  the 
breast  cancer  cases  was  examined  by  OCCR,  cases  as¬ 
sociated  with  mutations  in  the  OCCR  had  a  significantly 
older  mean  age  at  diagnosis  than  was  seen  in  those  out¬ 
side  this  region  (48  years  vs,  42  years;  P  =  .0005). 


Introduction 

The  isolation  of  BRCAl  (Miki  et  al.  1994)  and  BRCAl 
(Wooster  et  al.  1995;  Tavrigian  et  al.  1996),  two  genes 
predisposing  to  early-onset  breast  cancer  and  ovarian 
cancer,  has  resulted  in  rapid  identification  of  a  large 
number  of  families  with  mutations  in  these  genes  (Breast 
Cancer  Information  Core)  (Couch  et  al.  1996^;  Szabo 
and  King  1997).  Although  both  genes  exhibit  a  large 
number  of  distinct  mutations,  several  mutations  have 
been  found  to  recur  in  a  number  of  independently  as- 
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cerrained  families  of  apparently  diverse  geographical  or¬ 
igin,  as  well  as  in  families  largely  confined  to  a  single 
population. 

Genes  responsible  for  inherited  cancer,  like  many  other 
disease  genes,  have  been  associated  w'ith  a  wide  diversit}* 
of  expression.  This  is  seen  not  only  in  variability  in  the 
age  at  diagnosis  of  cancer  bur  also  in  the  anatomical  site 
at  which  the  tumor  originates.  More  important,  at  least 
from  the  clinical  perspective,  is  the  degree  to  which  spe¬ 
cific  mutations  and  accompanying  genetic  backgrounds 
influence  the  expression  of  BRCA2  in  terms  of  site  and 
age  at  diagnosis.  For  SR C^2,  Gayrher  et  al.  (1997)  have 
provided  evidence  that  mutations  in  an  '-3.3-kb  nucle¬ 
otide  region  of  exon  II  (denoted  the  “ovarian  cancer- 
cluster  region”  [OCCR])  are  associated  with  a  higher 
incidence  of  ovarian  cancer  relative  to  breast  cancer.  In 
that  study,  this  was  highly  significant,  with  an  ovarian: 
breast  cancer  ratio  of  11:45  inside,  and  22:282  outside, 
the  OCCR.  In  the  present  studies,  four  of  the  mutations 
examined  were  within  the  OCCR,  whereas  the  other  five 
were  outside  this  region.  This  allowed  us  to  examine, 
with  the  present  data  set,  the  OCCR  hypothesis. 

In  a  previous  paper  (Neuhausen  et  al.  1996b),  we 
analyzed  six  recurrent  BRCAl  mutations  for  haplotype 
conservation,  over  a  3-Mb  segment  containing  the 
BRCAl  gene,  using  nine  STR  markers.  We  also  inves¬ 
tigated  the  relationship  between  the  position  of  the  mu¬ 
tation  and  the  phenotype  (in  terms  of  both  age  at  di¬ 
agnosis  of  breast  cancer  and  proportion  of  ovarian 
cancer)  of  the  families  carrying  each  mutation.  In  the 
present  article,  we  have  undertaken  a  similar  study  of 
recurrent  BRCA2  mutations,  addressing  both  mutation 
origin  and  the  relationship  between  mutation  and  phe¬ 
notype.  To  do  this,  we  constructed  a  haplotype  oMO 
polymorphic  STR  markers  flanking  the  BRCA2  locus  in 
a  set  of  111  families  (selected  to  contain  one  of  nine 
BRCA2  mutations  that  had  been  identified  a  minimum 
of  three  times)  and  analyzed  the  phenotype  associated 
with  each  mutation.  For  five  mutations  for  which  suf¬ 
ficient  haplotype  data  existed,  we  estimated  the  age  of 
the  mutation,  using  a  modified  version  of  our  mathe¬ 
matical  model  developed  for  our  BRCAl  analysis. 

Subjects  and  Methods 

Family  Ascertainment 

Families  with  one  of  the  nine  mutations  were  from  24 
centers  located  in  13  countries  in  Europe  and  North 
America.  The  families  had  been  previously  ascertained 
for  a  variety  of  reasons,  including  research  studies,  di¬ 
rected  sheening  of  case  series  of  ovarian  or  male  breast 
cancer,  or  artendence  at  a  cancer  genetics  clinic.  Appro¬ 
priate  informed  consent  was  obtained  from  all  partici¬ 
pants.  When  possible,  pedigree  information  was  ob- 
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tained,  although,  for  several  centers,  no  such  history  was 
available  and,  for  other  centers,  only  a  limited  family 
history  could  be  obtained.  All  cases  of  breast  and  ovarian 
cancer  reported  in  the  pedigree  were  included  in  the 
study,  with  the  exception  of  cases  who  were  knov.:i  to 
not  carry  the  BRCA2  mutation  segregating  in  the  fainilv. 
No  independent  verification  of  diagnosis  was  obtained 
and,  for  a  small  proportion  of  cases,  age  at  diagnosis 
was  not  available. 

Samples  for  the  982del4  mutation  were  from  the 
United  States  and  France;  those  for  2041insA,  from  Ger¬ 
many,  Canada,  and  the  United  States;  those  for 
3034del4,  from  Belgium,  Canada,  Spain,  France,  Swit¬ 
zerland,  Italy,  and  the  United  States;  those  for  4486d  !G, 
from  Sweden;  those  for  5573insA,  from  the  Netherlands; 
those  for  6174de'T,  from  Canada,  France,  Israel,  Flun- 
gary,  Sweden,  the  United  Kingdom,  and  the  United 
States;  those  for  6503delTT,  from  Belgium,  the  Neth¬ 
erlands,  Sweden,  and  the  United  Kingdom;  those  for 
9254del5,  from  France  and  Spain;  and,  those  for 
9326insA,  from  Hungary,  Sweden,  and  the  United 
Kingdom. 

Cenotyping  of  13q  Markers 

Genoryping  was  performed  at  four  centers.  The  fam¬ 
ilies  collected  by  the  University  of  Washington  in  Seattle, 
the  National  Institute  of  Oncology  in  Budapest,  and  the 
Fundacion  Jimenez  Diaz  in  Madrid  were  genotyped  in 
their  respective  laboratories;  all  other  families  were  ge¬ 
notyped  in  the  Genetic  Epidemiology  Laboratory  at  the 
University  of  Utah.  At  all  centers,  the  same  five  D>  .A 
samples  were  used  as  controls,  and  a  similar  protocol 
was  followed.  All  10  markers  genotyped  were  STR  loci 
assayed  by  PCR,  with  standard  procedures.  All  the  re¬ 
sults  in  the  tables  are  from  analyses  of  all  10  markers. 
For  all  mutations  except  6174delT,  allele  frequencies 
used  in  the  likelihood  calculations  were  as  reported  in 
Genome  Database,  from  typings  of  ^^80  independent 
CEPH  chromosomes.  For  analysis  of  family  samples  :>f 
Ashkenazi  Jewish  ancestry  carrying  the  6174delT  m  - 
tation,  we  estimated  marker-allele  frequencies  from  the 
haplotype  data  of  the  non-mutation-bearing  chromo¬ 
somes.  In  all  cases,  allele  sizes  were  matched  according 
to  the  genotype  of  CEPH  reference  individual  1347-02, 
who  was  used  as  a  control  on  each  gel.  The  genetic  map 
assumed  for  the  haplotype  analyses  was  derived  from 
physical-mapping  data  (Couch  et  al.  1996^;  S.  L.  Neu¬ 
hausen,  unpublished  data),  under  the  assumption  that 
1.5  cM  =  1  Mb.  Note  that  this  rate  is  higher  than  th  ■ 
usual  1:1  ratio  assumed  as  a  genomewide  average;  this 
was  done  to  ensure  that  the  total  distance  of  the  map 
was  in  agreement  with  that  of  the  published  genetic  map 
(Dib  et  al.  1996).  None  of  the  markers  were  located 
intragenic  to  BRCA2.  The  assumed  map  order  and  dis- 
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Table  1 


Summary  of  STRs  Used  in  Haplotype  Analysis 


Marker 

Position 

(cM)  No.  of  Alleles 

Heterozygosit)"^ 

(%) 

Size  (Frequency)  of  Common 
Allele 
(bp) 

Genotype  of  134”-02 
(bp) 

D13S290 

2.70 

6 

46 

176  (.71),  190  (.11),  188  (.11) 

190/176 

D13S1444 

1.35 

9 

80 

167  (.41),  169  (.24),  177  (.11) 

177/167 

D13S1700 

1.20 

18 

89 

308  (.12),  312  (.09),  258  (.09) 

320/254 

D13S260 

1.00 

9 

78 

163  (.41),  161  (.13),  171  (.09) 

163/161 

D13S1699 

.72 

6 

67 

150  (.54),  146  (.37) 

156/146 

D13S1698 

.63 

10 

63 

152  (.35),  154  (.30) 

168/160 

BRCA2 

.0 

D13S171 

-*.60 

6 

72 

241  (.32),  231  (.32),  227  (.25) 

231/231 

D13S1695 

-.96 

11 

79 

245  (.37),  247  (.23) 

249/235 

D13S310 

-2.10 

5 

70 

146  (.40),  144  (.24),  140  (.24) 

146/146 

D13S267 

-3.12 

6 

69 

148  (.44),  160  (.29),  154  (.17) 

160/148 

’  Determined  from  genoryping  of  80-100  chromosomes. 


tances  and  the  descriptions  of  the  markers  used  are  given 
in  table  1. 

When  possible,  haplor}^pes  associated  with  each  mu¬ 
tation  were  inferred  from  multiple  samples  of  related 
individuals  within  each  kindred  known  to  have  the  same 
r.  utation;  otherwise,  multilocus  genotypes  were  com¬ 
pared.  When  haplotypes  could  not  be  determined  with 
certainty’,  all  possible  haploty^pes  (to  a  maximum  of  64) 
consistent  with  the  observed  multilocus  genotypes  were 
considered  in  the  likelihood  analysis,  in  a  manner  anal¬ 
ogous  to  the  phase  calculations  in  multipoint  linkage 
analysis. 

/'  lalysis  of  Haplotype  Data 

The  estimation  of  the  age  of  the  mutations  was  per¬ 
formed  by  use  of  the  same  statistical  model  that  had 
been  used  in  our  previous  analysis  of  BRCAl  (Neuhau- 
sen  et  al.  1996b),  with  several  minor  modifications.  In 
brief,  the  joint  likelihood  of  the  BRCA2  haplotypes  (or 
all  possible  haplotypes  from  families  with  a  given  mu¬ 
tation,  relative  to  a  presumed  ancestral  haplotype)  is 
written  as  a  function  of  the  recombination  fraction  be- 
tv  een  the  disease  and  each  marker;  the  number  of  gen¬ 
erations,  G,  since  the  mutation  arose;  and  the  mutation 
rate  and  allele  frequencies  at  each  marker  locus.  The 
marker  D13S1700  was  assumed  to  have  a  higher  mu¬ 
tation  rate  (.01)  than  the  other  markers  (.002  for  a  tetra- 
nucleotide  repeat  and  .0006  for  a  dinucleotide  repeat), 
on  the  basis  of  both  the  large  number  of  alleles  and  the 
observation  of  mutations  within  families.  We  also  in¬ 
cluded  another  parameter,  the  proportion  of  families 
w::h  an  independent  mutation  identical  to  that  of  the 
presumed  ancestral  haploty'pe.  This  parameter  is  anal¬ 
ogous  to  genetic  heterogeneity  in  standard  linkage  anal¬ 
ysis  and  can  be  estimated  from  the  data. 

The  method  of  maximum  likelihood  was  used  to  find 
the  value  of  G  that,  among  families  with  identical  mu¬ 


tations,  best  fitted  the  panern  of  haploty'pe  sharing  at 
the  10  marker  loci.  Approximate  support  intervals  for 
the  age  of  each  mutation  were  calculated  by  finding  the 
value  of  G  on  either  side  of  the  most  likely  value  that 
had  a  ^10-fold  decrease  in  likelihood.  A  test  for  het¬ 
erogeneity  of  mutation  origin  was  performed  by  com¬ 
paring  the  likelihood  at  the  maximum-likelihood  esti¬ 
mates  of  G  and  with  the  analogous  likelihood, 
assuming  =  0.  Each  generation  is  estimated  to  be  20 
years. 

Analysis  of  Phenotype  Data 

For  each  mutation,  the  number  of  families  with  that 
mutation,  the  number  of  female  and  male  breast  cancer 
cases,  and  the  number  of  ovarian  cancer  cases  were  tab¬ 
ulated.  To  partially  counter  any  effects  of  ascertainment 
of  those  directed-screening  cases  of  breast  and  ovarian 
cancers,  we  also  examined  the  data  only  in  those  families 
in  which  there  were  at  least  three  cases  of  cancer,  where 
a  case  is  defined  as  a  female  breast  cancer  at  age  <60 
years,  an  ovarian  cancer,  or  a  male  breast  cancer.  In  this 
second  tabulation,  only  cases  of  female  breast  cancer  at 
age  <60  years  were  counted  in  the  breast  cancer  results; 
this  was  done  in  order  to  increase  the  probability  that 
they  were  associated  with  the  BRCA2  mutation'  segre¬ 
gating  in  the  family. 

To  test  for  heterogeneity,  in  the  proponion  of  affected 
individuals  who  had  ovarian  cancer,  as  a  function  of 
whether  the  mutation  associated  with  a  given  family  was 
inside  or  outside  the  hypothesized  OCCR,  a  randomi¬ 
zation  test  was  performed.  Specifically,  random  per¬ 
mutations  of  families  with  the  nine  mutations  were  per¬ 
formed,  in  which  the  number  of  families  with  each 
mutation  was  kept  equal  to  that  present  in  the  actual 
data  set.  After  this  permutation  step,  the  mutations  were 
grouped  according  to  their  location  respective  to  the 
OCCR.  Each  such  permutation  resulted  in  a  different 
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Table  2 


Results  of  Haplotype  Analysis  of  Nine  Mutations 


Mutation 

No.  OF 
Fa.vii- 
LIES' 

No.  OF 
Countries'' 

D13S260 

Core  Haplotype  .\t 

D13S1699  D13S169S  D13S171 

D13S1695 

Consistency 

Int)EX'  G 

l-L  0 
INTEI  \i 

982del4 

5  (3/2/ 

2 

161 

146 

154 

231 

253 

5/5 

18 

(4—43 1 

2034insA 

5  (3/2) 

3 

163 

150 

166 

241 

247 

3/5 

36 

( 1 3—64) 

3034del4 

11  (4/7) 

/ 

163 

146 

154 

227 

245 

2/11 

80 

(46-1341 

4484delG 

4  (0/4) 

1 

169 

156 

166 

241 

247 

4/4 

Nor  calculated 

5573insA 

3  (3/0) 

1 

165 

146 

154 

227 

245 

2/3 

Not  calculated 

6174delT 

69  (22/47) 

7 

161 

146 

152 

239 

251 

45/69 

29 

(22-38) 

6503deITT 

7  (5/2) 

4 

163 

150 

158 

227 

245 

3/5 

52 

(24-98) 

9254del5 

3  (2/1) 

2 

163 

150 

154 

231 

X 

2/3 

Nor  calculated 

9326insA 

4  (1/3) 

3 

171 

152 

152 

231 

245 

2/4 

Nor  calcuhv  J 

Dara  in  parentheses  are  number  of  families  in  which  haplotypes  could  be  determined/number  of  families  for  which  only  multilocus  geno:  .le 
data  were  available. 


^  For  names  of  countries,  see  the  Subjects  and  Methods  section. 

"  Number  of  samples/families  consistent  with  core  haplotype  for  all  five  markers  listed. 


2x2  table  with  an  associated  x'  statistic  calculated  in 
the  standard  fashion.  The  x“  statistic  associated  with  the 
observed  aggregation  of  cases  and  mutations  was  com¬ 
pared  with  those  calculated  from  2,000  random  per¬ 
mutations  of  families  and  mutations.  The  rank  of  the 
observed  x"  statistic  among  those  from  2,000  replicates 
is  the  nominal  P  for  testing  the  association  between  the 
prevalence  of  ovarian  cancer  and  a  specific  mutation. 
The  S-Plus  package  (StatSci)  was  used  to  perform  the 
randomization  test.  Phenotypic  analysis  of  age  at  diag¬ 
nosis,  among  mutations,  was  performed  by  the  T-TEST, 
GLM,  and  VARCOMP  procedures  of  the  SAS  statistical 
analysis  package. 

Results 

Haplotype  Analysis  and  Age  of  Mutations 

The  mutations  described  in  this  report  span  the 
BRCA2  gene  and  are  small  insertions  or  deletions  that 
cause  protein  truncation.  In  table  2,  the  mutations  are 
characterized  as  to  the  number  of  families  studied,  the 
numbers  of  genotypes  and  haplotypes  obtained,  and  the 
geographic  diversity  (as  based  on  the  number  of  coun¬ 
tries  from  which  samples  were  contributed).  The  most 
common  haplotype  associated  with  each  of  the  nine  mu¬ 
tations  studied,  as  well  as  the  estimated  G,  support  in¬ 
terval,  and  estimated  heterogeneity  for  those  mutations 
with  at  least  five  haplotypes  to  analyze  are  also  shown 
in  table  2.  Although  the  estimation  of  the  ages  of  the 
mutations  incorporated  data  from  all  10  markers,  we 
report  the  consensus  haplotype  at  the  six  markers  closest 
to  BRCAZy  since,  in  many  cases,  the  haplotype  beyond 
these  markers  was  difficult  to  determine.  For  four  of  the 
five  mutallions  e.xamined,  the  estimated  fraction  of  fam¬ 
ilies  in  which  cancer  was  due  to  an  independent  muta¬ 
tional  event  was  0;  for  6503delTT,  the  estimated  pro¬ 


portion  was  .11,  which  is  not  significantly  different  from 
0.  For  6174delT,  the  1-LOD  upper  bound  for  the  pro- 
ponion  attributable  to  one  (or  more)  independent  iden¬ 
tical  mutations  was  .06.  In  all  cases,  there  was  no  S'  - 
nificant  evidence  of  mutational  heterogeneity,  indicatii.g 
that,  for  each  mutation  studied,  all  families  with  the 
mutation  represent  derivations  from  a  single  ancestral 
haploty'pe  on  which  the  mutation  arose.  The  estimates 
of  G  are  based  on  assumptions  about  mutation  rates 
and  recombination  rates  and  therefore  may  be  more  ap¬ 
propriately  considered  as  relative  indications  of  time 
since  the  mutation  originated,  rather  than  as  absolute 
values.  We  estimate  the  982del4,  as  an  example,  to  ha*  : 
occurred  relatively  recently — that  is,  18  generations  ago 
(1-LOD  support  interval  4-43),  or  -360  years  ago  (1- 
LOD  support  interval  80-860  years). 

Association  between  Phenotypic  Variation  and 
Mutations 

A  summary  of  the  number  of  cases  of  breast  and  ovar¬ 
ian  cancers  and  the  ages  at  diagnosis  of  the  breast  canc  ' 
cases,  stratified  by  BRCA2  mutation  type,  is  shown  i:. 
table  3,  for  all  families  with  all  breast  cancer  cases  and 
for  those  “high-risk”  families  (as  described  in  the  Sub¬ 
jects  and  Methods  section)  that  have  breast  cancer  cases 
diagnosed  at  age  <60  years.  There  was  significant  var¬ 
iation  in  age  at  diagnosis  among  the  nine  mutations 
tested  when  all  cases  in  all  families  were  considered 
(?  =  .0007,  by  nested  ANOVA),  as  well  as  when  the 
analysis  was  restricted  to  high-risk  families  and  case 
diagnosed  at  age  <60  years  {P  -  .015),  although  onl  - 
-8%  and  -6%,  respectively,  of  the  variance  was  ex¬ 
plained  by  individual  mutation.  In  both  analyses,  there 
was  no  evidence  of  significant  variation  between  fami¬ 
lies,  for  any  mutation  group,  and  the  variance  due  to 
this  effect  was  estimated  to  be  zero  in  both  cases. 
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Table  3 

Summaiy  of  Phenotypic  Data  Associated  with  Mutation 

All  Families"  Families  with  ^  3  Cases*' 

No.  of  Cancer  Cases  No.  of  Cancer  Cases 


Female  Breast  Female  Breast  at  Age 


Mltation 

No. 

(.\ge  [years]) 

Ovarian 

Male  Breast 

No. 

<60  Years  {Age  [years]) 

Ovarian 

Male  Breast 

982de)4 

5 

25  (41) 

1 

4 

4 

20  (38) 

1 

4 

2041  insA 

5 

16  (41) 

4 

5 

4 

11  (39) 

3 

5 

3034del4 

11 

57  (42) 

6 

2 

9 

33  (42) 

5 

2 

4486delG 

5 

16  (48) 

0 

3 

1 

6  (44) 

0 

0 

5573insA 

3 

5(47) 

7 

0 

2 

2  (40) 

7 

0 

6174delP 

67 

119  (49) 

29 

12 

22 

60  (46) 

12 

8 

6503denrr 

7 

20  (44) 

12 

1 

6 

18  (44) 

12 

1 

9254deI5 

3 

16  (48) 

3 

3 

3 

11  (43) 

3 

3 

9326insA 

4 

9(34) 

0 

2 

1 

3  (35) 

0 

1 

Total 

110 

2b3  (45.6) 

62 

32 

52 

164  (42.7) 

43 

24 

*  Includes  all  families  on  which  at  least  some  phenotypic  information  was  available.  Breast  cancer  tabulation  contains  all 
cases  of  breast  cancer,  regardless  of  age,  as  well  as  those  cases  for  which  age  at  diagnosis  is  unknown. 

*"  Families  with  at  least  three  cases  of  cancer,  where  a  case  is  defined  as  a  female  breast  cancer  at  age  <60  years,  an  ovarian 
cancer,  or  a  male  breast  cancer.  Only  the  cases  of  female  breast  cancer  at  age  <60  years  are  included  in  the  results. 

‘  In  13  families  obtained  from  a  consecutive  series  of  Ashkenazi  Jewish  ovarian  cancer  patients  tested  only  for  the  6174delT 
mutation,  the  ovarian  cancer  proband  was  omitted  from  this  table  and  subsequent  analyses;  however,  the  proband  was  used 
in  determining  whether  the  family  had  three  or  more  cases. 


Examination  of  the  OCCR 

The  randomization  test  described  in  the  Subjects  and 
Methods  section  was  used  to  examine  possible  differ¬ 
ences  in  the  relative  proportions  of  cases  of  breast  and 
ovarian  cancers,  for  mutations  inside  and  outside  the 
OCCR.  These  results  are  shown  in  table  4.  It  is  clear 
that  there  is  a  higher  proportion  of  ovarian  cancer  cases 
riared  with  families  with  mutations  in  the  OCCR 
region,  although  this  difference  is  not  significant  for  ei¬ 
ther  the  complete  data  set  (P  =  .12)  or  the  high-risk 
subset  (P  =  .11).  The  odds  ratio  for  the  entire  set  of 
families  is  2.1.  Interestingly,  when  we  examined  the  age 
at  diagnosis  of  the  breast  cancer  cases  in  terms  of  OCCR 
status,  we  found  that  most  of  the  age-at-onset  variation 
between  mutations  could  be  ascribed  to  the  location  rel¬ 
ative  to  the  OCCR.  This  difference,  of  older  age  at  onset 
f(  rhe  OCCR  region,  was  highly  significant,  both  for 
the  nested  analysis  of  variance  with  berween-family  var¬ 
iation  used  as  the  error  term  and  by  ordinary  f-tesr. 
Because  the  6174de]T  mutation  group  was  the  largest 
and  had  the  oldest  age  at  onset,  we  also  performed  the 
analysis  of  age  at  onset  and  OCCR  again,  without  this 
group.  When  we  removed  the  cases  with  a  6174deIT 
mutation,  the  effect  of  the  mutation  location  in  the 
OCCR  is  still  present  but  is  not  significant  (P  =  .09). 

Discussion 

In  this  paper,  we  have  analyzed  genotypic  and  phe¬ 
notypic  data  from  a  series  of  breast  cancer  families  and 
from  isolated  cases  with  one  of  nine  recurrent  mutations 


in  the  BRCA2  gene.  These  data  appear  to  include  both 
population-specific  sequence  variants,  as  well  as  those 
found  in  more  geographically  diverse  populations  of 
nonhern  European  Caucasian  ancestry.  The  mutation 
with  the  oldest  estimated  age,  3034del4,  was  found  in 
the  most  diverse  set  of  samples  (except  for  the  6174delT 
mutation  in  the  Ashkenazi  population),  both  in  multiple 
centers  in  the  same  country  and  in  seven  different  coun¬ 
tries.  For  the  mutations  studied,  the  multiple  instances 
of  specific  mutations  generally  appear  to  represent  foun¬ 
der  effects  many  generations  in  the  past,  rather  than 
independent  mutational  events.  This  is  in  contrast  to 
the  BRCAl  mutations — 4184del4,  Argl443ter,  and 
185delAG — which,  on  the  basis  of  the  multiple  origins 
of  these  mutations,  may  represent  hot  spots  (Neuhausen 
et  al.  1996^). 

The  4486delG  mutation  has  been  reported  only  in 
Scandanavia  (Hakansson  et  al.  1997).  For  this  study, 
there  were  too  few  haplotypes  to  determine  the  age  of 
the  mutation.  However,  all  four  samples  (three  from  spo¬ 
radic  male  breast  cancer  cases  and  one  large  breast  can¬ 
cer  family)  genotyped  with  this  mutation  appeared  to 
share  a  conserved  haplotype  over  an  ~3-cM  interval  con¬ 
taining  the  BRCAl  locus.  A  similar  pattern  was  observed 
in  the  three  Dutch  families  carrying  the  5573insA  mu¬ 
tation.  The  9254del5  mutation  has  been  identified  only 
in  two  French  families  of  Catalan  origin  and  in  a  single 
Spanish  family  also  from  this  region.  The  three  families 
share  a  conserved  haplotype  over  an  --2-cM  region  span¬ 
ning  the  BRCAl  locus.  These  three  families  have  dif¬ 
ferent  phenotypes,  with  one  family  having  three  cases 
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Table  4 

Examination  of  OCCR 


All  Familie.s' 

Fa.milies  with  ^  3  C.kscer  Case.s*’ 

No.  of  Cancer  Cases 

No.  of  Cancer  Cases 

Mutation 

Location 

Female  Breasr  (Age 

[years])  Ovarian  Male  Breasr  No. 

Female  Breast  at  Age 
<60  Years  (Age  [years])  Ovarian 

Male  Breast 

OCCR* 

OCCR- 

82  160(48.0)  48  17  3] 

28  103  (41,9)  14  16  21 

88(44.9)  31 

76  (40.3)  12 

9 

15 

*  As  defined 
As  defined 

in  table  3.  For  age  at  diagnosis,  F<  .0001;  for  breast  cancer  versus  ovarian  cancer,  P  =  .12. 
m  table  3.  For  age  at  diagnosis,  P<  .0005;  for  breast  cancer  versus  ovarian  cancer,  P  =  .11. 

of  male  breast  cancer  and  four  cases  of  female  breast 
cancer,  a  second  family  having  three  cases  of  ovarian 
cancer,  and  a  third  family  having  eight  site-specific  cases 
of  female  breast  cancer. 

By  contrast,  the  3034del4  mutation  has  been  found 
in  families  in  seven  different  western  European  and 
North  American  countries  (Belgium,  Canada,  France, 
Italy,  Spain,  Switzerland,  and  the  United  States).  There 
was  a  considerable  amount  of  haplotype  diversity  among 
the  1 1  families  e.xamined,  accounting  for  the  large  value 
of  the  estimated  age.  Although  our  analysis  failed  to  find 
significant  statistical  evidence  of  multiple  independent 
origins  for  this  mutation  (the  maximum-likelihood  es¬ 
timate  for  the  proportion  due  to  independent  mutation 
is  0),  given  the  limited  number  of  families  available  for 
analysis,  statistically  we  could  nor  rule  out  the  possibility 
that  there  were  independent  mutations  for  as  many  as 
half  the  families.  This  mutation  is  in  a  region  that  may 
be  a  hot  spot  for  such  deletions.  Another  4-bp  deletion, 
located  only  2  bp  downstream,  has  been  reported  in  five 
families  thus  far,  and  a  2-bp  deletion  located  4  bp  down¬ 
stream  has  been  reported  once  (Breast  Cancer  Infor¬ 
mation  Core). 

Of  particular  interest  is  the  6174delT  mutation  found 
in  high  frequency  in  the  Ashkenazi  Jewish  population. 
Along  with  the  nvo  BRCAl  mutations  (185delAG  and 
5382insC),  it  has  been  estimated  that  1  in  50  Ashkenazi 
Jewish  individuals  carry  one  of  these  three  mutations 
(Struewing  et  al.  1995,  1997;  Oddoux  et  al.  1996;  Roa 
et  al.  1 996).  These  mutations  account  for  -30%  of  early- 
onset  breast  cancer  (Neuhausen  er  al.  1996c7;  Offit  e:  al. 
1996;  Tonin  et  al.  1996)  and  for  as  much  as  60%  of  all 
ovarian  cancer  in  this  population  (Abeliovich  et  al. 
1997).  On  the  basis  of  our  analysis  of  haplotypes  and 
genotypes  of  69  families  with  the  6174delT  mutation, 
we  estimate  that  the  mutation  originated  ~29  genera¬ 
tions  ago  (1-LOD  support  intervaf  22-38).  The  corre¬ 
sponding  analysis  for  the  age  of  the  BRCAl  185delAG, 
on  tjjie  basi.s  ot  our  original  set  of  18  families  with  this 
mutation,  tesulted  in  an  estimate  of  46  generations  (1- 
LOD  support  interval  22-82)  and  suggested  that  the 
cases  in  ~90"o  of  the  families  are  due  to  the  presumed 


ancestral  Jewish  mutation  (an  estimate  reflecting  the  fact 
that  two  families  of  non-Jewish  ancestry  were  part  of 
the  sample).  Thus,  the  6174delT  mutation  appears  to 
have  originated  more  recently.  Support  for  the  more  re¬ 
cent  origin  of  the  6174delT  mutation  comes  from  ex¬ 
amination  of  these  mutations  in  44  non-Ashkenazi  Jew¬ 
ish  patients.  One  Iraqi  patient  had  a  185delAG 
mutation,  and  none  had  a  61~4delT  mutation  (Abe¬ 
liovich  et  al.  1997).  Sher  et  al.  (1996)  also  reported  a 
185delAG  mutation  in  an  Iraqi  Jew,  suggesting  that  this 
mutation  has  an  origin  earlier  than  that  of  the  6174den 
mutation.  More  recently,  an  additional  three  BRCAl 
185delAG  mutations  have  been  identified,  in  a  sample 
of  639  Iraqi  Jews  (Bar-Sade  et  al.  1997),  but,  to  our 
knowledge,  the  6174delT  mutation  has  never  been 
found  outside  the  Ashkenazi  Jewish  population. 

Our  analysis  was  consistent  with  the  finding  by  Gay- 
ther  et  al.  (1 99  )  that  is,  that  there  is  a  higher  incidence 
of  ovarian  cancer  relative  to  breast  cancer  associate, 
with  the  OCCR;  however,  this  higher  incidence  was  no: 
statistically  significant.  One  possible  reason  for  the  dif¬ 
ference  between  the  significance  presented  here  and  that 
reported  by  Ganher  et  al.  (199“l  could  be  the  ill-defined 
5  end  of  the  OCCR.  The  3034del4  mutation  is  on  the 
5'  border  of  the  OCCR,  as  defined  by  Gayther  et  al. 
(1997),  and  its  e.xclusion,  rather  than  inclusion  in  the 
OCCR,  could  have  an  affect  on  the  analysis. 

Among  the  mutations,  there  were  significant  diff  - 
ences  associated  with  age  at  di.ignosis  of  breast  cancer. 
Much  of  the  variation  was  associated  with  mutation 
location  relative  to  the  OCCR.  Hov'ever,  when  we  re¬ 
moved  the  cases  with  a  6174delT  mutation,  the  effect 
of  the  mutation  location  in  the  OCCR,  although  still 
present,  was  not  significant.  The  later  age  at  onset  of 
breast  cancer  in  the  cases  with  the  6174delT  mutation 
could  be  due  to  ease  of  screening  families  for  this  com¬ 
mon  mutation.  However,  the  ace  effect  is  still  presen:  n 
those  families  with  three  or  more  cancer  cases  wiio 
would  likely  be  screened  in  ar.y  testing  program,  sug¬ 
gesting  that  mutations  within  the  OCCR  and/or,  more 
specifically,  the  6174delT  mur.inon  do  confer  a  later  age 
at  onset  of  breast  cancer.  On  the  basis  of  previous  studies 
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of  rwo  common  mutations,  there  is  a  suggestion  that 
mutations  in  the  OCCR  are  less  penetrant  for  breast 
cancer  at  a  younger  age.  In  the  Icelandic  studies  of  the 
999del5  mutation,  which  is  outside  the  OCCR,  28%  of 
Icelandic  breast  cancer  cases  of  age  <40  years  carrv  this 
mutation,  which  has  a  population  prevalence  of  0.50%. 
In  contrast,  for  the  6174delT  mutation,  which  is  within 
the  OCCR,  8%  of  Ashkenazi  Jewish  breast  cancer  cases 
of  age  <40  years  carry  this  mutation,  which  has  a  pop¬ 
ulation  prevalence  of  1.2%.  Therefore,  with  a  prevalence 
twofold  higher  for  the  6174delT  mutation,  there  is  a 
large  difference,  in  comparison  with  the  Icelandic  mu- 
-ation,  for  age  at  onset  of  breast  cancer,  suggesting  lower 
lenetrance  at  age  <40  years. 

As  a  first  step  in  mutation  detection,  comparison  of 
an  observed  haplotype  in  a  family  examination  of  hap¬ 
lotypes  can  be  useful  to  identify  common  mutations.  In 
addition  to  this  set  of  haplotypes  for  recurrent  muta¬ 
tions,  we  are  also  constructing  a  haplotype  database  of 
any  mutations,  so  that  others  can  compare  their  hap¬ 
lotypes  (for  funher  information,  please  contact  S.L.N.). 
A  haplotype  database  of  Dutch  mutations  is  available 
;  .-om  a  Leiden  University  Medical  Center  Department  of 
Human  Genetics  Website.  Since  multiple  families  with 
identical  mutations  on  identical  generic  backgrounds  can 
be  ascertained,  this  will  allow  us  to  better  elucidate  ad¬ 
ditional  genetic  and  environmental  factors  that  contrib¬ 
ute  to  the  observed  variation  in  phenotype.  Similarly, 
studies  of  families  with  identical  mutations  but  with  dif¬ 
ferent  origins  will  allow  us  to  examine  better  the  possible 
e-rect  of  genetic  modifier  loci.  A  copy  of  the  revised 
\  .rsion  of  the  haplorype-analysis  program  is  available, 
on  request,  from  D.E.G. 
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Ethnic  differences  in  cancer  incidence  and  mortality  exist  and  are  probably  the 
result  of  genetic  and  epidemiological  risk  factors.  Genetic  differences  caused  by 
founder  mutations  are  reviewed,  with  special  emphasis  on  mutations  in  BRCAl 
and  BRCA2.  Gerinline  mutations  in  cancer  susceptibility  genes  have  been  identi¬ 
fied  in  individuals  of  all  races  and  ethnic  groups.  Differences  among  ethnic  groups 
for  cancer  risks  have  been  recognized,  and  a  proportion  of  the  differences  may  be 
the  result  of  founder  mutations  within  these  genes.  The  BRCA2  999del5  mutation 
in  Iceland  and  the  three  BRGM  and  BRCA2  mutations  in  Ashkenazic  Jews  have 
been  well  characterized  and  were  easy  to  study  because  the  patient  population  and 
anonymous  samples  were  readily  available  and  ethnicity  was  known.  Mutations  in 
BRCAl  and  BRCA2  probably  account  for  approximately  3  to  10%  of  breast  cancer 
in  the  general  population  and  a  much  higher  proportion  in  those  with  a  strong 
family  history  of  breast  and  ovarian  cancers  and  in  those  of  xAshkenazic  Jewish 
descent.  However,  no  overall  increased  risk  of  breast  or  ovarian  cancers  exists 
among  Ashkenazic  Jewish  women  compared  with  non-Jewish  Caucasians.  Some 
ethnic  variation  in  cancer  risk  may  be  explained  by  founder  mutations  identified  in 
cancer-predisposing  genes.  Kjiowledge  acquired  by  studying  the  effect  of  a  single 
mutation  in  a  well  defined  population  may  be  applied  to  larger,  more  heteroge¬ 
neous  populations.  Individuals  from  all  racial  and  ethnic  groups  carry  deleterious 
mutations.  Mutations  are  simply  easier  to  find  and  characterize  when  identified  in 
a  specific  ethnic  group.  Cancer  1999;86:2575-82. 

©  1999  American  Cancer  Society. 

KEYWORDS:  genetic  variation,  germline  mutations,  BRCAl,  BRCA2,  cancer  risk 
estimates 

Cancer  is  caused  by  both  exogenous  and  endogenous  factors.  The 
published  probabilities  of  developing  cancer  are  averages  across 
the  population.  They  do  not  factor  in  individual  behavior  and  risk 
factors.  Demographic  factors  include  age,  sex,  race,  socioeconomic 
status,  and  geographic  location.*  With  increasing  age,  there  is  an 
increased  risk  for  many  cancers,  including  breast  and  prostate  can¬ 
cers.  Sex  is  a  risk  factor  for  some  cancers  because  some  are  sex- 
limited  (e.g.,  ovarian  and  prostate  cancers),  and  others  are  more 
common  in  one  sex;  e.g.,  breast  cancer  is  100  times  more  common  in 
women  than  in  men. 

Other  risk  factors  include  exposure  to  physical  and  biologic 
agents  (chemical  exposures,  drugs,  infectious  agents, and  so  forth), 
which  may  increase  risks  of  certain  cancers  such  as  lung  and  gastric 
cancers.*  Lifestyle  factors,  including  alcohol  use,  smoking,  diet,  and 
exercise,  may  also  affect  cancer  risk.*  For  breast  cancer,  known  re¬ 
productive  factors  such  as  age  at  menarche  and  menopause,  age  at 
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TABLE  1 

Examples  of  Founder  Mutations  Identified  in  BRGM  and  BRC\2 


Population 

.Mutations 

References 

Ashkenazic  Jews 

BRCA!-mdel\G,  5382insC:  B/?C-l2-6174delT 

Siruewing  el  Tonin  et  al.,*’ 

Ncuhausen  et  a!.-*'* 

Icelanders 

BPC.A2-999del5 

Thorlacius  el  al.*" 

Dutch 

B/?C-U-2804delA^  delSiO,  del3835:  B/?C42-5573insA 

Peelen  el  al„^'  Peirij-Bosch  el  al.^“ 

N'onvegians 

BBaM136insA 

Andersen  ei  al."-’ 

Stv'edes 

B/?C4i-0563.X.  3166ins5,  I201dell,  2594delC:  B/?CU-4486dcIG 

Johannsson  et  al..“‘  Hakansson  et  al.'*'* 

African  Americans 

BBG/-.M1775R.  I832del5,  5296del4 

Gao  el  al.  *'’ 

first  pregnancy,  number  of  full-term  pregnancies,  and 
oral  contraceptive  use  are  important.“’^  One  of  the 
largest  risk  factors  is  a  family  history  of  cancer.  Rela¬ 
tive  risks  range  from  2  to  9  depending  on  the  type  of 
cancer,  age,  and  number  of  first-degree  relatives  af¬ 
fected  by  the  disease.*  Segregation  analyses  of  pedi¬ 
grees  often  suggest  a  genetic  basis  for  the  family  his¬ 
tory. 

Ethnic  Differences  in  Cancer  Rates 

Ethnic  differences  in  cancer  incidence  and  mortality 
are  well  documented.**  For  example,  African-American 
men  have  the  highest  incidence  of  prostate  cancer  and 
Japanese  men  living  in  Japan  have  the  lowest  inci¬ 
dence.^"'  With  migration  to  the  United  States,  the  rate 
of  prostate  cancer  increases  in  Asians,**  suggesting  that 
diet  or  lifestyle  factors  contribute  to  development  of 
the  disease.^  It  also  has  been  hypothesized  that  a 
portion  of  the  observed  ethnic  differences  in  cancer 
susceptibility  may  be  explained  by  genetic  factors 
from  mutations  in  rare  genes  that  confer  high  risk'*^  ** 
and/or  from  alleles  of  specific  genes  that  confer  mod¬ 
estly  increased  risk,  such  as  androgen  metabolism 
genes. *  Clear  ethnic  differences  have  also  been  ob- 
serv'ed  in  breast  cancer  populations.  Hispanic  and  Na¬ 
tive  American  women  have  the  lowest  incidence  of 
breast  cancer  compared  with  non-Hispanic  Cauca¬ 
sians  and  African  Americans.**  Hypotheses  regarding 
lifestyle,  reproductive,  and  screening  factors  explain 
some  of  the  differences  in  breast  cancer  incidence.*'* 
However,  the  ways  that  different  risk  factors  specifi¬ 
cally  act  and  interact  to  promote  cancer  are  largely 
unknown. 

An  endogenous  factor  that  must  be  considered  is 
the  role  of  inherited  (germline)  mutations  in  ethnic 
differences  in  cancer  risk.  A  genetic  predisposition 
probably  accounts  for  approximately  5  to  10%  of  can¬ 
cer.  Genes  for  more  than  20  cancer  syndromes  have 
been  identified.  Differences  among  ethnic  groups  for 
cancer  risks  in  some  of  tliese  genes  have  been  recog¬ 
nized  and  are  caused  by  a  common  germline  mutation 
within  an  ethnic  group. 


Ethnic  differences  may  arise  from  founder  effects, 
which  occur  when  a  population  is  established  by  a 
small  number  of  people.  Once  the  population  ex¬ 
pands,  the  mutation  in  one  of  the  founders  then  be¬ 
comes  prevalent  in  a  larger  proportion  of  the  popula¬ 
tion.  The  evolutionary  significance  of  founder  effects 
can  be  studied  by  following  pedigrees  for  many  gen¬ 
erations  and  examining  genetic  relationships.  Exam¬ 
ples  of  populations  in  which  founder  effects  are  well 
documented  include  Afrikaners  of  South  Africa,*^ 
Finns,**’ Ashkenazic  Jews,*'  and  French  Canadians.*® 
Examples  specific  to  cancer  genes  are  a  founder  mu¬ 
tation  in  APC  found  in  Ashkenazic  Jews,*®  one  in 
fiMLHI  found  in  Finns, one  in  VHL  found  in  Ger¬ 
mans,*^*  one  in  CDKN2  found  in  Dutch,“^  and  muta¬ 
tions  found  in  BRCAl  and  BRCA2  in  many  different 
groups.^®  This  review  focuses  on  founder  mutations 
identified  in  BRCAl  and  BRCA2,  two  genes  that  pre¬ 
dispose  individuals  primarily  to  breast  and  ovarian 
cancers. 

Founder  Mutations  in  BRCAl  and  BRCA2 

For  BRCAl  and  BRCA2,  more  than  300  mutations  have 
been  identified  in  individuals  of  all  racial  and  ethnic 
groups. As  DNA  from  individuals  is  evaluated,  re¬ 
curring  mutations  are  identified.  These  are  then  fur¬ 
ther  examined  to  determine  if  they  are  founder  muta¬ 
tions  (e.g.,  a  shared  haplotype)  or  ones  that  arose  two 
or  more  times  by  chance.  Founder  mutations  for 
BRCAl  and  BRCA2  have  been  described  in  French 
Canadians,"**  Swedes,"'  Icelanders,"®  Norwegians,"® 
Finns,'***  Dutcli,**’*"  Russians,®'*  Japanese.®**  African 
Americans,®*’  and  Ashkenazic  Jews.®*’"  *®  A  partial  list  of 
mutations  is  presented  in  Table  1. 

Complex  and  controversial  issues  that  arise  from 
genetic  research  pertain  to  who  should  be  offered 
predictive  testing  and  when  it  should  be  done.  An 
important  consideration  for  testing  is  the  probability 
that  an  individual  with  breast  or  ovarian  cancer  (or 
both)  will  have  a  mutation  in  BRCAl  or  BRCA2.  Esti¬ 
mates  are  that  the  gene  frequency  of  a  major  gene(s) 
for  breast  cancer  is  0.0033'**’  and  of  BRCAl  is  0.006,  **  so 
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TABLE  2 

Prevalence  of  the  Icelandic  BRCA2  Founder  Mutation  999deI5 


No.  of 

Group 

No. 

occurrences 

Comments 

References 

Breast  cancer  population -based 

520 

3  (0.6%) 

Thorlacius  et  al.'*^ 

Families 

21 

16  (76.0%) 

9/16  had  male  breast  cancer 

Thorlacius  et  al.““ 

Male  breast  cancer  cases 

30 

12  (40.0%) 

In  the  9  families 

Thorlacius  et  al.'“ 

Female  breast  cancer  cases 

632 

49  (7.7%) 

Thorlacius  et  al."*^ 

Prostate  cancer  population -based 

65 

2  (3.1%) 

Significantly  worse  simival 

Sigurdsson  et  ai.'*^ 

TABLE  3 

Frequency  of  BRCAl  and  BRCA2  Mutations  in  Ashkenazic  Jews 

Source 

No. 

IBSdelAG 

53821n5C 

6174delT 

References 

Population -based 

varied 

0.8-l.l% 

0.13-0.3% 

0.9-1.5% 

Struewing  et  al.,^*^  Roa  et  al.,"*^ 

Oddux  et  al.'*'^ 

BC  <  age  42 

80 

20.0% 

4.0% 

8.0% 

Neuhausen  et  al.,^“  Offit  et  al.'*^ 

BC  42-50  yrs 

27 

30.0% 

4.0% 

7.0% 

Neuhausen  et  al..^“  Offit  et  al."*^ 

BC  only  families 

138 

20.0% 

5.0% 

4.0% 

Tonin  et  al,‘'“ 

B/0  families 

82 

52.0% 

16.0% 

5.0% 

Tonin  et  ai,"*** 

BC;  breast  cancer:  B/0:  breast  and  ovajian  cancers. 

Reprinted  from  Genetic  Testing  1997;  l;:S-83. 

that  the  likelihood  of  an  individual  carrying  a  muta¬ 
tion  is  low.  Many  studies  have  been  performed  to 
identify  mutation  prevalence  and  to  develop  probabil¬ 
ity  models  to  predict  a  mutation  carrier  before  testing. 
Much  more  information  is  available  for  the  BRCA2 
999deI5  mutation  in  Icelanders  and  the  three  founder 
Ashkenazic  Jewish  mutations  because  a  large  number 
of  samples  are  available.  In  addition,  mutation  detec¬ 
tion  is  rapid  and  inexpensive  compared  with  screen¬ 
ing  entire  genes. 

The  population  prevalence  and  proportion  of  in¬ 
dividuals  with  breast,  ovarian,  and  prostate  cancer 
with  the  BRCA2  999del5  mutation  in  the  Icelandic 
population  are  shown  in  Table  2.  This  mutation  in 
Iceland  is  approximately  20  times  more  prevalent 
(0.6%)'^“  than  the  estimated  allele  frequency  in  the 
general  population,'*®  In  Icelandic  breast  cancer  cases 
unselected  for  a  family  history,  it  accounts  for  7.7%  of 
female  breast  cancer  diagnosed  at  any  age  and  for  24% 
of  those  diagnosed  in  women  younger  than  40  years.'*^ 
It  also  was  the  cause  of  disease  in  the  majority  (76%)  of 
high-risk  breast  cancer  families  studied.^®  For  males,  it 
accounts  for  40%  of  male  breast  cancer  and  3.1%  of 
prostate  cancer.  *^'  The  risk  ratio  of  prostate  cancer 
in  first-degree  relatives  of  mutation  carriers  is  4.6.'*^ 
This  mutation  with  the  same  haplotype  has  also  been 
seen  in  Finland.**®’ 

Table  3  is  a  similar  table  for  the  three  common 
mutations  identified  in  Ashkenazi  Jewish  breast  and 


ovarian  cancer  patients.  The  population  prevalence 
for  these  three  mutations  combined  is  2  to  2.5%, 
which  is  approximately  10  to  50  times  higher  than  the 
allele  frequency  in  the  general  population.  Based  on  a 
number  of  studies,  approximately  30%  of  breast  can¬ 
cer  diagnosed  in  those  younger  than  40  years  and  39% 
of  ovarian  cancer  diagnosed  in  those  younger  than  50 
years  in  this  population  are  caused  by  one  of  the  three 
founder  mutations.'*®'^*  Therefore,  even  in  the  ab¬ 
sence  of  a  strong  family  history,  Ashkenazic  Jewish 
women  with  breast  or  ovarian  cancers  have  a  much 
higher  probability  than  do  non-Jewish  women  of  be¬ 
ing  BRCAl  or  fi/?CA2  mutation  carriers.  However,  even 
though  mutations  in  these  genes  are  more  common  in 
Ashkenazic  Jewish  women,  there  is  little  to  no  overall 
increased  risk  of  breast  or  ovarian  cancers  among 
these  women  compared  with  non-Jewish  Cauca¬ 
sians.^^  Egan  et  al.^“  reported  a  suggestion  of  an  in¬ 
creased  risk  of  breast  cancer  in  Jewish  women  with  a 
family  history,  which  could  reflect  the  frequency  of  the 
founder  BRCAl  and  BRCA2  mutations. 

In  general,  mutations  in  both  BRCAl  and  BRCA2 
in  one  individual  are  rare,  given  the  frequency  of  mu¬ 
tations.  In  the  Ashkenazic  Jewish  population,  the 
BRCAl  l85delAG  and  B/?C42  6174delT  both  occur  with 
frequencies  of  1%,  so  it  is  not  surprising  that  Jewish 
women  with  both  BRCAl  and  BRCA2  mutations  have 
been  identified^^’^'*  (Neuhausen,  unpublished  data). 
Although  these  women  are  carrying  two  deleterious 
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mutations,  age  of  onset  of  cancer  and  prognosis  do 
not  appear  to  be  different  than  in  those  with  only  one 
mutation. 

The  focus  on  the  “Jewish"  mutations  has  caused 
concern  in  the  Jewish  community  that  BRCAl  and 
BRCA2  3ive  peculiar  to  the  Jewish  people.^^’^^'*  But  that 
is  not  the  case.  BRCAl  and  BRCA2  mutations  have 
been  identified  in  individuals  of  all  racial  and  ethnic 
groups.  As  referenced  above,  relatively  homogenous 
populations  have  founder  mutations  in  which  small 
genetic  alterations  that  cause  disease  are  easy  to  find. 
These  groups  (e.g.,  Ashkenazic  Jews,  French  Canadi¬ 
ans,  Finns,  Afrikaners)  are  then  the  first  to  be  studied 
because  information  obtained  from  studying  the  ef¬ 
fect  of  a  mutation  in  a  well  defined  population  may  be 
beneficial  for  determining  effects  in  larger,  more  het¬ 
erogeneous  populations.  The  BRCAl  and  BRCA2  mu¬ 
tations  in  Ashkenazic  Jewish  populations  were  easy  to 
study  because  the  patient  population  and  anonymous 
samples  from  prenatal  testing  were  readily  available 
and  identified  as  being  of  Jewish  ancestry.  Ashkenazic 
Jews  do  not  have  more  defective  DNA  than  any  other 
ethnic  group  does,  and  they  do  not  have  higher  rates 
of  hereditary  diseases  than  others.  The  same  is  true  for 
other  ethnic  groups  in  whicl'i  founder  mutations  have 
been  identified. 

Frequency  of  BRCAl  and  BRCA2  Mutations 

It  is  estimated  that  in  the  general  population,  approx¬ 
imately  6  to  7%  of  breast  cancer  cases  and  10%  of 
ovarian  cancer  cases  averaged  across  all  ages  of  onset 
result  from  mutations  in  breast  cancer  susceptibility 
genes. The  frequency  of  BRCAl  and  BRCA2  mutation 
carriers  in  women  with  breast  or  ovarian  cancer  (or 
both)  depends  on  the  study  population. 

In  a  large  clinic-based  study,  the  minimum  crite¬ 
rion  for  entry  was  breast  cancer  at  younger  than  50 
years  or  ovarian  cancer  at  any  age  and  a  minimum  of 
one  affected  first-degree  or  second -degree  relative 
with  breast  cancer  younger  than  50  years  or  ovarian 
cancer  at  any  age.'*'”  Mutations  in  BRCAl  or  BRCA2 
were  detected  in  45%  (50  of  101)  of  women  with  at 
least  two  affected  relatives  and  in  22%  (20  of  89)  of 
women  with  only  one  affected  relative.^”  In  non- Jew¬ 
ish  women  with  breast  or  ovarian  cancer  (or  both)and 
a  family  history  of  breast  and/or  ovarian  cancer,  the 
risk  of  carrying  a  mutation  in  BRCAl  and  BRCA2  was 
approximately  the  same  as  in  Jewish  women  (38.7% 
and  42.6%,  respect ively)."^”  The  presence  of  a  strong 
family  history  of  disease  was  a  significant  predictor  of 
the  likelihood  of  carrying  a  BRCAl  or  BRCA2  mutation. 

The  results  from  this  cohort  of  breast  and/or  ovar¬ 
ian  cancer  cases  with  a  strong  family  history  can  be 
compared  with  tliose  of  other  clinic-based  studies  and 


those  of  population-based  studies.  In  two  clinic-based 
studies  that  selected  women  based  exclusively  on  age 
of  onset  as  a  predictor  of  BRCAl  status,  8%  and  10%  of 
women  younger  than  35  and  30  years,  respectively, 
were  found  to  carry  germline  mutations  in  the  BRCAl 
gene.^^'^®  In  a  population-based  study,  Malone  et  al.®^ 
reported  that  of  208  Caucasian  women  diagnosed  with 
breast  cancer  before  their  45th  birthdays  who  had  a 
family  history  of  breast  cancer  in  first-degree  relatives, 
15  (7.2%)  had  germline  mutations  in  BRCAL  In  this 
study,  the  younger  the  age  at  diagnosis  of  cancer  and 
the  stronger  the  family  history,  the  higher  the  percent¬ 
age  of  mutations  found.  In  another  population-based 
study,  Newman  et  al.®^  reported  that  BRCAl  mutations 
were  found  in  only  3.3%  (4  of  120)  of  Caucasian 
women  with  breast  cancer  diagnosed  between  ages  20 
and  74  years.  Family  history  was  the  greatest  predictor 
of  BRCAl  mutation  status,  based  on  both  number  of 
affected  relatives  and  presence  of  ovarian  cancer  in  a 
relative.®’  The  conclusion  from  these  studies  is  that 
the  stronger  the  family  history  of  breast  and/or  ovar¬ 
ian  cancer  and  to  a  lesser  extent,  the  younger  the  age 
at  diagnosis,  the  more  likely  a  breast  or  ovarian  cancer 
case  is  to  carry  a  mutation  in  BRCAl  or  BRCA2, 

Most  breast  cancer  studies  have  examined  women 
of  Northern  European  ancestry.  African  American 
women,  who  have  a  higher  incidence  of  early  onset 
breast  cancer,'*  have  yet  to  be  studied  extensively.  One 
can  infer  from  the  available  data  for  BRCAl  that  mu¬ 
tations  in  African  American  differ  from  those  in  Cau¬ 
casians  and  that  there  also  may  be  founder  effects  in 
this  population.  Three  novel  BRCAl  mutations  were 
identified  in  five  of  nine  (56%)  African-American  fam¬ 
ilies  screened  for  mutations.^®  In  the  population- 
based  study  of  Newman  et  al.,®~  no  mutations  were 
identified  in  99  African-American  women  with  breast 
cancer.  This  suggests  that,  as  in  Caucasians,  the  inci¬ 
dence  of  BRCAl  mutations  in  African  Americans  is 
most  likely  to  occur  in  patients  with  a  strong  family 
history  of  breast  cancer  and  a  young  age  at  diagnosis. 

Models  have  been  developed  to  predict  the  likeli¬ 
hood  that  a  woman  has  a  germline  BRCAl  or  BRCA2 
mutation.®”” In  two  separate  studies,  researchers 
at  the  University  of  Pennsylvania  (Philadelphia,  PA)®^ 
and  at  Myriad  Genetic  Laboratories  (Salt  Lake  City, 
UT)®‘‘  screened  for  mutations  in  BRCAl  then  used 
logistic  regression  analysis  to  develop  models  to  eval¬ 
uate  the  probability  of  a  woman  carrying  a  deleterious 
mutation.  For  the  model  developed  by  Couch  et  al.,®^ 
the  predicted  probability  is  the  same  for  a  woman  with 
breast  or  ovarian  cancer  and  for  her  family.  Regression 
variables  included  age  at  diagnosis,  family  history  of 
breast  and  ovarian  cancer,  both  breast  and  ovarian 
cancer  in  a  single  family  member,  and  Ashkenazic 
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TABLE  4 

Estimated  Cumulative  Risks  of  Developing  Breast  and  Ovarian  Cancers 


Breast  cancer 
by  age 

BCLC-BRCli® 

Ashkenazi- 

BRCAimCA2”‘ 

Population 

w/BRCA„'" 

General  population* 

30 

0.036  (0*0.14) 

0.006  (0-0.019) 

0 

0.017 

0.0002 

40 

0.18  (0-0.35) 

0.12  (0-0.24) 

0.15  (0.07-0.23) 

0.144 

0.005 

50 

0.49  (0.28-0,64) 

0.28  (0.09-0.44) 

0.33  (0.23-0.44) 

0,376 

0.01 

60 

0.64  (0.43-0.::) 

0.48  (0,22-0.65) 

0.54  (0.38-0,68) 

0.548 

0.02 

70 

0.71  (0,53-0.82) 

0.84  (0.43-0.95) 

0.56  (0.40-0,73) 

0,647 

0.04 

Ovarian 

0.42 

0.27  (0-0.47) 

0.16  (0.06-0.28) 

0.10 

0.01 

BCLC:  Breast  Cancer  Linkage  Consoniinn:  any  breast  cancer  susceptibility  gene  including  those  not  yet  identified. 


Jewish  descent.  The  model  developed  by  Shattuck- 
Eidens  et  included  the  above  variables  as  well  as 
the  type  of  cancer  and  number  of  affected  relatives.  In 
a  recent  analysis,  Frank  et  al.^®  calculated  the  proba¬ 
bility  that  a  woman  with  breast  and/or  ovarian  cancer 
who  has  a  strong  family  history  of  breast  and  ovarian 
cancer  is  carrying  a  BRCAI  or  BRCA2  mutation.  In  this 
cohort,  Ashkenazic  Jewish  status  was  not  included  in 
the  predictive  model,  because  the  Ashkenazic  Jewish 
group  did  not  have  a  significantly  different  percentage 
of  mutations  compared  with  the  non-Jewish  group. 
These  results  suggest  that  a  strong  family  history  is  a 
powerful  predictor  of  the  likelihood  of  cariydng  a  mu¬ 
tation,  regardless  of  ethnicity.''^  Researchers  at  Duke 
University^'^-^’^  developed  a  model  to  evaluate  the 
probability  that  a  woman  carries  a  mutation  in  BRCAI 
or  BRCA2,  based  on  her  family  history  of  breast  and 
ovarian  cancers.  Using  a  Bayesian  approach,  the  Duke 
researchers  incorporate  information  about  the  fami¬ 
ly’s  possible  genetic  status,  age-specific  incidence  of 
breast  and  ovarian  cancers  in  carriers,  and  mutation 
prevalence  in  the  population.  These  values  can  be 
changed  to  customize  the  model  for  subpopulations. 
For  example,  for  Ashkenazic  Jewish  women,  different 
allele  frequency  and  age-specific  penetrance  are  used 
in  the  calculation  to  obtain  more  accurate  estimates 
for  use  in  counseling. 

Likelihood  of  a  Mutation  Carrier  Developing  Cancer 

Determining  the  probability  that  an  individual  is  car¬ 
rying  a  BRCAI  or  BRCA2  mutation  is  only  half  of  risk 
assessment.  The  other  probability  that  must  be  deter¬ 
mined  is  the  likelihood  of  a  mutation  carrier  develop¬ 
ing  cancer  by  a  given  age  (i.e.,  age-specific  pen¬ 
etrance).  This  is  the  point  at  which  risk  assessment 
becomes  especially  problematic,  because  all  the  fac¬ 
tors  that  cotUribute  to  tlie  development  of  cancer  have 
not  been  identified.  Not  all  individuals  who  carry  mu¬ 
tations  develop  breast  cancer  or  any  other  cancer. 


Expression  is  variable.  For  example.  BRCA2  mutation 
carriers  may  develop  breast  cancer,  ovarian  cancer, 
pancreatic  cancer,  fallopian  tube  cancer,  or  ocular 
melanoma.  Even  among  families  with  founder  muta¬ 
tions,  there  appear  to  be  differences  in  age  of  onset  of 
cancer  and  in  the  type  of  cancers  that  develop. 
Expression  and  penetrance  can  vary  from  early  onset 
bilateral  breast  cancer  with  ovarian  cancer  to  late- 
onset  breast  cancer  and  from  no  other  cancers  in  the 
family  to  additional  cancers  such  as  prostate,  pancre¬ 
atic,  and  other  cancers.  Therefore,  it  is  not  possible  to 
assign  mutation-specific  risks.  However,  it  is  impor¬ 
tant  to  provide  individuals  with  estimates  of  the  like¬ 
lihood  of  developing  cancer. 

The  risk  of  developing  breast  or  ovarian  cancer 
when  carrying  a  mutation  varies  in  relation  to  the 
cohort  studied  (Table  4).  The  Breast  Cancer  Linkage 
Consortium  (BCLC)  risk  estimates®^'‘^‘'^  are  derived 
from  families  with  several  affected  breast  and  or 
ovarian  cancer  cases.  The  estimates  of  Struewing  et 
ai.’°,  which  are  for  Ashkenazic  Jews  with  any  of 
three  founder  mutations,  appear  to  be  lower  than 
the  BCLC  estimates.  However,  the  estimates  are  not 
inconsistent,  given  that  the  confidence  intervals 
overlap  and  both  have  similar  risks  (55%)  by  age  60. 
The  existence  of  true  differences  could  be  explained 
by  ascertainment-  or  mutation-specific  differences. 
The  Claus  estimates*^^  are  for  individuals  in  the 
general  population  who  carry  a  susceptibility  allele 
(q  =  0.0033).  The  risks  for  developing  breast  or 
ovarian  cancer  are  high  for  mutation  carriers,  re¬ 
gardless  of  the  variation  in  the  estimates.  They  may 
be  lower  in  those  mutation  carriers  with  little  or  no 
family  history.  The  general  population  rates  are  also 
shown, ‘  and  they  are  relatively  low.  Estimates  are 
that  1  in  8  women  in  the  United  States  will  develop 
breast  cancer  over  the  course  of  a  lifetime,  which 
includes  the  5  to  10%  of  women  carrying  a  high- 
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penetrance  gene  predisposing  to  breast  and/or 
ovarian  cancers. 

BRCAl  and  BRCA2  mutations  are  certainly  impor¬ 
tant  determinants  of  risk  for  breast  and/or  ovarian 
cancers,  but  they  are  not  the  only  ones.  Many  women 
who  have  a  family  history  of  breast  and/or  ovarian 
cancer  and  do  not  have  a  BRCAl  or  BRCA2  mutation 
may  have  a  mutation  in  undiscovered  genes.  More¬ 
over,  some  women  may  be  BRCAl  or  BRCA2  mutation 
carriers  in  the  absence  of  a  strong  family  history.  This 
is  especially  true  in  women  of  Ashkenazic  Jewish  de¬ 
scent.  For  a  subset  of  women,  better  predictions  about 
their  likelihood  of  developing  breast  and/or  ovarian 
cancer  at  an  early  age  can  be  made  using  BRCAl  and 
BRCA2  test  results.  However,  even  knowing  mutation 
status  does  not  always  allow  for  valid  risk  estimates. 
Missense  mutations  are  a  good  case  in  point,  because 
the  role  of  most  of  them  is  unknown. 

CONCLUSION 

One  conclusion  that  can  be  drawn  from  this  area  of 
research  is  that  there  is  ethnic  variation  in  cancer  risk 
that  is  probably  the  result  of  both  genetic  and  epide¬ 
miological  factors.  Many  genes  have  been  isolated  that 
are  known  to  predispose  humans  to  cancer.  Founder 
mutations  have  been  identified  in  many  of  these  genes 
In  different  ethnic  groups.  Their  further  characteriza¬ 
tion  is  important  because  it  will  allow  for  more  accu¬ 
rate  risk  assessment  and  more  astute  genetic  counsel¬ 
ing.  However,  the  presence  or  absence  of  a  founder 
mutation  does  not  e.xclude  the  possibility  of  another 
mutation. 

The  risk  of  breast  and  ovarian  cancers  in  mutation 
carriers  is  much  higher  than  that  in  the  general  pop¬ 
ulation,  even  given  variable  estimates  depending  on 
the  population  studied.  Although  estimates  for  risks  of 
developing  other  cancers  are  not  generally  available, 
genetic  counselors  and  physicians  must  be  aware  of 
the  possibility  of  increased  risks  for  other  cancers  as 
well. 

Knowledge  of  which  factors — genetic,  environ¬ 
mental,  or  both — affect  cancer  development  is  es¬ 
sential  for  designing  effective  screening  methods, 
providing  information  on  ways  to  reduce  cancer 
risk,  and  developing  effective  treatments  once  can¬ 
cer  develops.  By  studying  the  effect  of  a  single, 
frequent  mutation  {founder  mutation)  in  a  well  de¬ 
fined  population,  knowledge  is  gained  that  can  be 
applied  to  larger,  more  heterogeneous  populations. 
The  founder  mutations  in  BRCAl  and  BRCA2  in 
Ashkenazic  Jewish  populations  are  the  first  to  be 
examined  in  detail,  and  the  data  that  are  generated 
as  a  result  of  these  studies  are  likely  to  provide 
Information  that  will  aid  in  the  development  of 


strategies  for  more  successful  prevention  and  treat¬ 
ment  of  breast  and  ovarian  cancers. 
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INTRODUCTION 

Cancer  results  from  complex  interactions 
among  genetic,  hormonal,  growth  and  envi¬ 
ronmental  factors.  In  genetic  epidemiologi¬ 
cal  studies,  important  considerations  are 
those  factors,  both  genetic  and  epidemio- 
logical/life.style  which  may  explain  the  etio¬ 
logy  or  progression  of  the  di.sease  (figure  2). 
Endometrial,  breast  and  ovarian  cancers 
are  all  hormone-related  cancers.  There¬ 
fore.  factors  which  affect  the  biosynthesis, 
.secretion  and  metabolism  of  estrogen 


should  be  examined.  Epidemiology/life¬ 
style  factors  include  smoking,  diet,  repro¬ 
ductive  characteristics  such  as  age  at 
menarche  and  at  menopause,  nulliparity, 
use  of  oral  contraceptives  and  hormone 
replacement  therapy.  A  family  history  ol 
cancer  is  an  important  risk  factor.  Relative 
risks  range  from  2  to  9  depending  on  type 
of  cancer,  age  and  number  of  first-degree 
relatives  affected  by  the  di.sea.se  [1]. 
Segregation  analyses  of  pedigrees  often 
suggest  a  genetic  basis  for  the  family 
history.  Genetic  factors  include  rare  genes 
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Figure  2  -  Factors  important  in  genetic  epidemiological  studies  of  etiology  of  canter. 
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which  confer  a  high-risk  for  developing 
the  disea.se  and  common  genes  which  con¬ 
fer  a  low  risk,  such  as  iienes  which  meta- 
boli/e  carcinogens  or  which  encode 
growth  factors,  enzymes  and  receptors  that 
regulate  hormones  and  are  involved  in  cel¬ 
lular  proliferation.  In  this  chapter,  an  over¬ 
view  of  genes,  which  may  confer  a  lower 
risk  of  developing  cancer  (low  penetran¬ 
ce).  yet  be  more  common  in  the  popula¬ 
tion.  is  presented.  These  low  penetrance 
genes  may  act  alone  i)r  may  be  in  response 
to  environmental  or  lifestyle  triggers,  for 
example,  smoking,  high-fat  diets,  oral  con¬ 
traceptive  use. 

EPIDEMIOLOGICAL  RISK 
FACTORS 

ENDOMETRIAL  CANCER 

The  primary  risk  facU)rs  for  endometrial 
cancer  are  largely  associated  with  "unoppo¬ 
sed  estrogens”,  where  no  progesterones  are 
present  |2.3|.  Obesity,  diabetes,  hyperten¬ 
sion  and  nulliparity  are  commonly  as.socia- 
ted  conditions  (4|.  Family  history  has  also 
been  reported  to  be  a  risk  factor.  In  a  case- 
control  study  of  family  history  of  endome¬ 
trial  cancer  in  first  degree  relatives  with  a 
median  age  of  cancer  at  6 1  years,  the  odds 
ratio  was  1.5  [5|.  The  odds  ratio  was  2.8  in 


a  ca.se-control  study  of  women  between  the 
ages  of  20-54  years  [6|.  Gruber  et  al  [6] 
suggest  that  nearly  5  per  cent  of  incident 
endometrial  cancer  among  women  ages  20- 
54  years  may  be  due  to  a  family  history  of 
endometrial  cancer  and  2  per  cent  may  be 
related  to  colorectal  cancer.  This  confirms  a 
report  of  Sandies  et  al  |7|  in  which  they  sug¬ 
gest  that  a  portion  of  familial  risk  is  due  to 
HNPCC  and  a  .separate  piirtion  to  endt)- 
metrial  cancer  alone.  Endometrial  cancer  is 
the  nn)st  frequent  extracolonic  cancer  in 
HNPCC  |S|  and  2  per  cent  of  endometrial 
cancer  is  related  to  colorectal  cancer  |6|. 

OVARIAN  CANCER 

Hormonal  risk  factors  commonly  associa¬ 
ted  with  ovarian  cancer  are  nulliparity,  early 
age  at  menarche  and  late  age  at  menopause 
1^.101.  A  family  history  of  ovarian  cancer  is 
a  major  risk  factor,  with  relative  risks  ran¬ 
ging  from  2.()-4.3  for  first-degree  relatives 
111-141.  There  is  familial  aggregation  of 
ovarian  cancer,  and  breast,  endometrial  and 
colon  cancers  1 15.16].  The  endometrial  and 
colon  cancer  associations  are  largely  due  to 
HNPCC  and  the  ovarian  and  breast  syndro¬ 
me  due  to  BRCAL  In  an  un.selected  popula¬ 
tion  of  ovarian  cancer  ca.ses.  approximately 
1 0  per  cent  had  BRCA  /.  BRCA2  or  HNPCC 
mutations  (17]. 
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BREAST  CANCER 

For  breast  cancer,  known  reproductive  fac¬ 
tors  such  as  age  at  menarche  and  menopau¬ 
se,  age  at  first  pregnancy,  number  of  full- 
term  pregnancies,  and  oral  contraceptive  use 
are  important  risk  factors  f  18, 191.  A  family 
history  ot  breast  cancer  has  been  identified 
as  a  major  risk  factor  for  the  development  of 
brea.st  cancer  with  estimates  of  a  2-10  fold 
increased  risk  to  first-degree  relatives  of  a 
breast  cancer  case  [20-241.  Claus  et  al  [25] 
reported  that  age  at  onset  is  the  strongest 
indicator  ot  familial  risk  of  breast  cancer.  In 
a  study  comparing  the  incidence  of  familial 
breast  cancer  among  non  Hispanic  Cau¬ 
casians.  African  Americans,  and  Hispanic 
breast  cancer  cases,  10  per  cent  of  non 
Hispanic  Caucasian  women  and  14.9  per 
cent  of  Atrican  American  women  reported  a 
first-degree  relati\e  with  breast  cancer  as 
compared  to  2  per  cent  of  Hispanic  women 
|26|.  Hispanic  women  in  the  U.S  have  lower 
rates  of  breast  cancer.  Part  t)f  the  reason  for 
the  low  rate  of  breast  cancer  in  Hispanics 
may  be  because  they  lack  the  risk  associated 
with  a  family  history. 

A  genetic  predisposition  to  breast  cancer 
may  explain  a  large  proportion  of  early- 
onset  breast  cancer.  Estimates  are  that  7  per 
cent  ol  breast  cancer  cases  and  10  per  cent 
ot  ovarian  cancer  cases  in  the  general  popu¬ 
lation  are  due  to  breast  cancer  susceptibility 
genes  127|,  and  that  approximately  one- 
third  of  breast  cancer  cases  diagnosed  bet¬ 
ween  20-29  years  are  caused  by  mutations 
in  high-penetrance  breast  eancer  su.sceptibi- 
lity  genes  127].  BRCA!  and  BRCA2,  two 
genes  which  confer  susceptibility  to  develo¬ 
ping  cancer  are  di.scussed  in  the  chapter 
Genetic  Epic/eniiolofty  of  Hereditary  Breast, 
Ovarian  and  Endometrial  Cancer.  Not  all 
women  with  deleterious  BRCA  I  or  BRCA2 
mutations  will  develop  cancer.  Estimates  of 
the  age-specific  risk  attributable  to  muta¬ 
tions  range  from  56  to  80  per  cent  128,291. 
Even  among  individuals  and  families  who 
share  common  founder  mutations,  large  dif¬ 


ferences  exist  in  ages  of  on.set  of  breast  can¬ 
cer  and  in  relative  incidence  of  breast  and 
ovarian  cancers  [30-321.  It  is  possible  that 
mutation  carriers  in  high-risk  families  have 
a  greater  risk,  not  just  because  they  are  gene 
carriers,  but  because  they  also  inherited 
other  lower-penetrant  risk  genes.  Peto  et  al 
[33]  suggest  that  only  a  small  proportion  of 
familial  risk  of  breast  cancer  in  families 
with  few  ca.ses  of  cancer  is  attributable  to 
mutations  in  BRCA  I  and  BRCA2.  They 
hypothesize  that  the  remaining  genes  con¬ 
ferring  susceptibility  are  of  lower  risk.  In 
the  general  population,  which  includes 
those  individuals  with  no  family  history  to  a 
strong  family  history,  the  high  penetrance, 
rare  genes  such  as  BRCA!  and  BRCA2 
appear  to  explain  even  a  smaller  proportion 
of  breast  cancer. 

COMMON  GENES  WHICH 
MAY  PLAY  A  ROLE 
IN  CANCER 

The  possible  role  of  inherited  (germ-line) 
mutations  in  common  genes  in  the  etiology 
ot  breast,  endometrial,  and  ovarian  cancers 
is  the  tocus  of  this  chapter.  These  cancers 
are  all  hormone-dependent  and  therefore, 
genes  which  ci)nfer  risk  for  t)ne  cancer 
may  also  confer  risk  for  the  others.  A  gene¬ 
ral  description  of  these  common  genes  in 
comparison  to  rare  genes  such  as  BRCA  I 
and  BRCA2  is  shown  in  table  1. 

Whv  are  we  interested  in  studvine  izenes 
which  confer  a  low  risk  of  cancer  yet  are 
common  in  the  population?  Identification 
ot  relevant  genes  important  in  the  occur¬ 
rence  and/or  progression  of  breast,  ovarian 
and  endometrial  cancers  ct)uld  provide 
clues  for  the  design  of  better  preventative 
and  treatment  strategies.  The  objective  of 
many  genetic  epidemiological  studies  is  to 
provide  information  that  could  lead  to  pre¬ 
dictive  individual  risk  assessment  and  to 
aid  in  decision-making  regarding  .scree¬ 
ning,  preventive  surgeries,  chemotherapeu¬ 
tic  drug  strategies  and  lifestyle  choices. 
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Table  /  -  General  closes  of  gene.,  causing  susceptihility 


lo  ai.sease. 


class 

variant 

absolute 

attributable 

frequency 

risk 

risk 

rare  genes 

low 

high 

low 

common  genes 

high 

low 

high 

examples 

BRCAl,  BRCA2 
GSTM],  CYPlAl, 


Which  genes  are  likely  candidates?  One 
needs  to  study  the  significant  epidemiolo¬ 
gical  risk  factors  tor  the  clues  they  provide 
to  discern  possible  genetic  etiologic  path¬ 
ways  in  breast,  ovarian,  and  endometrial 
cancers.  As  breast  cancer  is  the  most  com¬ 
mon  ot  the  three  cancers,  most  of  the 
examples  presented  are  in  breast  cancer. 
However,  many,  if  not  most  ofthe.se  genes, 
may  be  relevant  to  endometrial  and  ova¬ 
rian  cancers  as  well. 

SUGGESTIVE  ETIOLOGIES/ 
PATHWAYS 

FROM  epidemiological 
STUDIES 

From  epidemiological  studies,  a  number  of 
demographic,  reproductive  and  hormonal 
factors  have  been  reported  to  influence 
risk  of  breast  and  ovarian  cancers  [34|. 
Many  of  the  risk  factors  for  breast  cancer 
reflect  cumulative  exposure  of  breast  tis¬ 
sue  to  estrogens.  From  ca.se-control  stu¬ 
dies.  a  number  of  reproductive  factors  has 
been  as.sociated  with  increa.sed  breast  can¬ 
cer  risk,  for  example  early  age  at  menar- 
che,  late  age  at  first  birth,  nulliparity/low 
parity,  and  late  age  at  natural  menopause 
[18,19,351.  One  of  the  strongest  risk  fac¬ 
tors  for  breast  cancer  is  age  at  first  pre¬ 
gnancy,  where  risk  is  doubled  in  a  woman 
whose  first  full-term  pregnancy  occurs 
after  age  29  years  compared  with  before 
age  20  years.  Other  reproductive  and  hor¬ 
mone-related  factors  such  as  low  parity 
and  early  age  at  menarche  also  confer 
increa.sed  risks  of  breast  cancer.  Amona 
postmenopausal  women,  late  age  at  natural 


menopause  is  implicated  as  a  risk  faci 
For  ovarian  cancer,  nulliparity  and  f 
pregnancies  have  been  related  to  a  hial 
ri.sk  [10,36],  and  early  menarche.  late^li 
at  natural  menopau.se,  late  age  at  first  pi 
gnancy,  and  infertility  confer  a  moderate 
increa.sed  risk  f9,37J.  Thus,  exposure 
endogenous  female  .sex  hormones  appei 
to  play  a  role  in  the  etiology  of  breast  ai 
ovarian  cancers.  The  association  betwei 
breast  cancer  risk  and  exogenous  hormoi 
u.se  is  less  clear  [381.  In  a  collaborati\ 
study  of  54  epidemiological  studies  i 
breast  cancer,  a  relative  risk  for  breast  car 
cer  of  1.3  was  observed  for  current  or; 
contraceptive  u.sers  [39|.  White  et  al  [4( 
reported  a  modestly  increa.sed  risk  wit 
long-term  OC  u.se  among  young  womer 
OCs  are  associated  with  a  50^  per  cen 
decreased  risk  of  ovarian  cancer  [9.10] 
For  HRT.  an  increa.sed  risk  of  breast  cance 
has  been  ob.served  with  long  durations  anc 
recent  u.se  [411.  although  other  studie,' 
have  shown  no  a.s.sociation  |42-44|. 
Reproductive  factors  have  also  been  exa¬ 
mined  in  BRCA!  and  BRCA2  mutation 
carriers.  In  one  study  of  BRCAl  and 
BRCA2  mutation  carriers,  parity  was  a.sso- 
ciated  with  significant  differences  in  age- 
specific  risk  of  breast  cancer,  consistent 
with  results  from  population  studies.  There 
was  no  effect  of  age  at  first  or  last  pre¬ 
gnancy  [45|.  There  was  a  significant  corre- 
lation  between  age  at  diagnosis  and  age  at 
last  birth  tor  ovarian  cancer.  Narod  et  al 
[46]  reported  similar  findings  in  a  study 
utilizing  .some  of  the  .same  mutation  car¬ 
riers  as  in  Goldgaret  al  [45|.  There  was  an 
increa.sed  risk  ot  breast  cancer  associated 
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with  low  parity  and  with  recent  birth 
cohort.  The  risk  of  ovarian  cancer  decrea¬ 
sed  with  increasing  age  at  last  childbirth 
and  increased  with  increasing  parity.  The.se 
results  indicate  that  the  risk  of  cancer 
among  BRCAl  and  BRCA2  mutation  car¬ 
riers  is  modified  by  endogenous  hormones 
and  that  risk  factors  are  similar  to  those  in 
the  general  population.  5/?C4/-mRNA  ex¬ 
pression  studies  showed  that  gene  expres¬ 
sion  is  induced  dpring  puberty,  pregnancy 
and  after  treatment  of  ovariectomized  ani¬ 
mals  with  17P-estradiol  and  progesterone 
[47].  This  implies  a  role  for  BRCAl  in  the 
differentiation  of  breast  and  other  tissues 
which  is  triggered  by  (exogenous  or  endo¬ 
genous)  hormones.  Both  puberty  and  pre¬ 
gnancy  may  represent  periods  of  increased 
susceptibility  to  carcinogenesis  in  the 
breast  in  BRCAl  carriers.  Based  on  the 
results  of  these  studies,  there  likely  are 
hormonal  and  genetic  factors  which  modu¬ 
late  age-specific  and  overall  incidences  of 
breast  and  ovarian  cancers  in  mutation  car¬ 
riers.  Thus,  the  putative  low  penetrance 
genes  discussed  in  this  review  are  also  ap¬ 
plicable  to  individuals  with  known  mu¬ 
tations  predisposing  to  cancer. 

GEI^IES  INVOLVED 
IN  CELL  PROLIFERATION 

Genes  in  the  estrogen  biosynthesis 
and  metabolism  pathways 

The  link  between  estrogen,  particularly 
17P-estradiol  (E2)  and  breast,  ovarian  and 
endometrial  cancers,  possibly  through  its 
role  in  stimulating  cell  proliferation,  has 
long  been  known.  In  a  prospective  study  of 
postmenopausal  women,  .serum  estrogen 
levels  were  measured.  In  general,  those 
women  who  subsequently  developed  breast 
cancer  had  higher  serum  levels  t)f  estrone, 
total  estradiol  and  free  estradiol  (for  all 
three,  p=  0.06)  and  a  lower  percentage  of 
estradiol  bound  to  SHBG  (p  <().()!)  than  in 
women  who  had  not  developed  cancer 


[48,49].  In  a  .second  prospective  case-con¬ 
trol  .study,  there  was  a  significantly  increa- 
.sed  risk  for  breast  cancer  in  women  in  the 
highest  quartile  for  bioavailable  estradiol 
(RR=  3.6)  and  for  free  testosterone  (RR= 
3.3)  as  compared  to  the  lowest  quartile 
[50|.  Therefore,  enzymes  which  regulate 
estradiol  biosynthesis  and  metabolism  may 
be  important  for  breast  cancer  develop¬ 
ment.  Polymorphisms  which  alter  activity 
of  the  proteins  produced  from  these  genes 
may  be  important  risk  factors  for  hormo¬ 
nally-regulated  cancers  by  regulating  the 
level  of  circulatimi  estroaen. 

Estrogens  are  generated  from  the  conver¬ 
sion  of  androgens,  which  are  generated 
from  cholesterol  through  a  series  of  reac¬ 
tions  (figure  3).  Therefore,  variants  in  ge¬ 
nes  involved  in  svnthesis  of  androaens  and 
estrogens  are  potential  risk  factors  for  ihe.se 
cancers  through  their  actions  in  regulating 
and  altering  hormonal  levels.  Important 
enzymes  for  synthesis  include  the  cvtoch- 
ronie  p45()  genes  iCYPIlA.  CYPl'j  and 
Cf'P/d)  (.sl|.  Aromata.se  (CYPP))  is  the 
key  enzyme  converting  androgens  to  estro¬ 
gens  and  is  generally  considered  the  rate- 
limiting  step  1.52 1.  As  a  result,  it  has  a  major 
role  in  regulating  estrogen  levels.  Estrone 
is  the  primary  steroid  produced.  It  is  eon- 
verted  to  estradit)!  (E2).  a  more  biologically 
potent  estrogen,  by  1 7  (J-hydroxysteroid 
dehydrogena.se  type  I  {HSl)/'7BI). 
Aromatase  is  present  in  both  normal  and 
tumor  cells  in  the  breast  |.53|.  Within 
tumors,  intratumoral  aromatase  appears  to 
be  over-expressed  and  is  important  in  eon- 
verting  circulating  androgens  to  estrogens, 
probably  in  association  with  I7|3-HSD 
type  I  and  estrogen  sulfatase  |. 52.54.551.  In 
population-ba.sed  studies.  incrca.sed  risks 
of  developing  breast  cancer  have  been 
a.s.sociated  with  a  polymorphism  in  CYPI9 
156.571. 

PolyCystic  Ovarian  Syndrome  (PCOS)  dis¬ 
rupts  normal  ovarian  function  and  increases 
the  risk  of  endometrial  cancer  [58]  and  the 
risk  of  ovarian  cancer  2.5-folcl  [59].  The 
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Figure  3  -  Pathway  of  estrogen  synthesis. 


h\  perandrogcnism  of  PC'OS  appears  due  to 
CYFI?  which  regulates  androgen  synthesis, 
and  is  itself  regulated  by  the  insulin/IGF 
.system  1 60.61 1.  In  a  study  examining  relati¬ 
ves  with  and  without  PCOS.  an  A2  variant 
in  OP  17  was  associated  with  PCOS  with 
an  odds  ratio  of  2.20  |62].  Techatraisak  et  al 
|6.3)  reported  no  differences  in  the  allele  fre¬ 
quencies  between  PCOS  patients  and  a  con¬ 
trol  population  and  thus  no  increa.sed  risk 
for  PCOS.  Seaim  levels  of  estradiol,  mea¬ 
sured  in  premenopausal,  ovulating  women, 
were  significantly  higher  in  women  with  A2 
alleles  as  compared  to  women  homozygous 
for  the  wildtype  A I  allele,  sugge.sting  gene¬ 
tic  control  of  serum  hormone  levels  by 
CYPI7  164].  A  similar  result  was  reported 
when  estrogens  were  measured  in  postme- 
nopau.sal  women  [65].  In  one  study,  the  A2 
CYPI7  variant  was  associated  with  an 
increased  risk  of  metastatic  disease  (2.52. 
95  per  cent  Cl,  1.07-5.94)  |66].  However, 
this  re.sult  was  not  confirmed  in  subsequent 
.studies  [65,67-69]. 


A  further  effect  of  estrogen  on  breast  c; 
cer  risk  may  be  from  metabolism  of  est 
gens.  The  pathway  Ibr  metabolism  of  est 
gens  is  shown  in  I'igure  4.  Estradiol  is  o 
di/ed  primarily  at  C-2.  but  also  at  C-4 
form  the  2-7-  and  .3-4  catechols.  There 
data  to  suggest  that  l6a-hydroxyestro 
e.strogen  eatechols.  and  the  estrogen  quii 
lies  from  oxidation  of  the  catechols  ; 
genotoxic  151.70].  l6a-hydroxye.strone 
believed  to  cause  excess  cell.prolilerati 
and  to  cause  DNA  damage.  The  E2  and 
catechols  are  intermediates  in  the  prodi 
tion  of  more  reactixe  semiquinones  a 
quinones.  Semiquinones  and  quinor 
serve  as  substrates  for  redox  cycling  a 
have  the  potential  to  cause  oxidative  stn 
and  damage  that  may  contribute  to  i 
development  of  cancer.  The  catechols  i 
inactivated  by  Catechol-O-MethylTrans 
ra.se  (COMT).  as  well  as  by  glucuronic 
tion  and  .sulfation. 

CYPIAl  is  a  primary  enzyme  in  metal 
lism  of  estradiol  and  estrone  to  catecl 


estrogens.  There  have  been  several  popula¬ 
tion-based  studies  examining  the  associa¬ 
tion  of  CYPIAl  genetic  polymorphisms 
with  breast  cancer  risk.  Ambrosone  et  al 
[71]  reported  an  increased  risk  of  breast 
cancer  in  postmenopausal  women  associa¬ 
ted  with  the  Val462Ile  polymorphism, 
whereas  Rebbeck  et  al  [72]  found  no  signi¬ 
ficant  association.  A  significant  associa¬ 
tion  of  a  Mv/jI  CYPIAI  polymorphism 
with  increa.sed  risk  of  breast  cancer  in 
African-American  women,  but  not  in 
Caucasian  women,  was  reported  [  73.74 1. 
In  a  prospective  study  from  the  Nurses 
Health  Study,  there  was  no  overall  increa¬ 
se  in  breast  cancer  risk  a.s.sociated  with  two 
polymorphi.sms  in  CYPIAI  (75 1.  How¬ 
ever,  there  was  an  increase  in  breast  cancer 
risk  among  women  with  variant  alleles 
who  had  .started  smoking  before  age  18 
years  as  compared  to  non  smokers  who 
were  homozygous  wild  type  (751.  In  a 
study  of  BRCAI  and  BRCA2  mutation  car¬ 
riers,  the  risk  of  breast  cancer  in  premeno¬ 
pausal  mutation  carriers  with  at  least  one 
3’  Msp\  A2  variant  was  significantly  redu¬ 
ced  (OR=  0.58,  p=  0.04)  [76].  In  a  case- 


control  study  of  endometrial  cancer,  the 
CYPIAI  variant  showed  a  strong  associa¬ 
tion  with  endometrial  cancer  risk  (OR= 
6.36,  95  percent  Cl  1.99-26.5)  [771.  as  did 
two  other  CYPIAI  polymorphisms  in  a 
smaller  studv  (OR=  3.67,  95  per  cent  Cl 
1.21-13.261(781. 

COMT  plays  an  important  role  of  conver¬ 
ting  catechol  estrogens  to  inactive  metabo¬ 
lites  which  are  water  soluble  and  excreted 
in  urine  (511.  A  genetic  variant  in  COM!. 
which  confers  lower  en/yme  activity  179| 
was  examined  in  a  case-control  study  ot 
breast  cancer  ca.ses  (801.  There  was  a  si¬ 
gnificant  increase  in  risk  in  postinenopau- 
.sal  women  with  a  BMl  >  24.47  kg/m-  and 
in  postmenopausal  women  with  the  gluta¬ 
thione  s-transferase  mu  (GSTMI)  null  va¬ 
riant  or  a  GSTPI  variant  (8()|.  GSTs  and 
SulfoTran.sfera.ses  (SULTs)  also  convert 
the  2-  and  4-hydroxy  estradiols  and  estro¬ 
nes  to  inactive  metabolites.  The  GSTs  are 
discus.sed  below  in  the  section  Carcinogen 
Metabolism  Genes.  The  ability  to  convert 
the  catechol  estrogens  into  inactive  meta¬ 
bolites  may  be  important  tor  reducing 
breast  cancer  risk. 


53 


Steroid  hormone  receptors 

Variants  in  the  ER  and  PR  genes  which 
affect  expression  or  binding  may  be  impor¬ 
tant  risk  factors  for  these  hormonally-regu¬ 
lated  cancers.  Overexpression  of  estrogen 
receptors  in  normal  breast  tissue  increases 
brea.st  cancer  ri.sk  (OR=  3.16,  95  per  cent 
Cl  1.89-5.28)  possibly  by  enhancing  estro¬ 
gen  sensitivity  [81].  Anderson  et  al  [82] 
screened  for  mutations  in  ER  and  reported 
a  Glyl60Cys  polymorphism  in  ER  that 
may  be  associated  with  brea.st  cancer  risk, 
but  more  .studies  are  needed.  Pari  et  al  [83] 
reported  that  breast  cancer  cases  with 
tumors  homozygous  for  the  0.7  kb  Pvull 
fragment  in  ER  were  significantly  younger 
(mean  age  of  diagnosis  at  50.4  years)  than 
those  either  heterozygous  or  homozygous 
wildtype  (mean  age  of  64.4  and  64.6  years, 
respectively).  A  mutation  in  the  PR  gene 
has  been  as.sociated  with  an  increased  risk 
of  ovarian  cancer  1841.  However,  in  two 
sub.sequent  studies,  this  association  was 
not  present  for  either  breast  or  ovarian  can¬ 
cer  185.861. 

Androgens  play  a  role  in  regulating  proces¬ 
ses  in  breast,  ovarian  and  endometrial  tis¬ 
sue.  The  Androgen  Receptor  (AR)  is  ex- 
pre.s.sed  in  normal  ovarian  epithelial  cells 
and  is  down-regulated  in  most  ovarian  can¬ 
cer  cells  |87].  In  another  study.  AR  were 
present  in  90  per  cent  of  94  epithelial  ova¬ 
rian  cancer  cells  [88].  AR  is  al.so  expres.sed 
in  normal  endometrium  [89]  and  in  endo¬ 
metrial  cancer  [9()|,  AR  is  expressed  in  epi¬ 
thelial  cells  in  normal  breast  ti.ssue  1911.  as 
well  as  in  .some  tumor  brea.st  ti.ssue  where  it 
mediates  breast  tumor  growth  and  progres¬ 
sion  [921,  itnd  may  be  coexpre.s.sed  with  ER 
and  PR  [91].  A  CAG  repeat  in  AR  (AR- 
CAG)  is  inversely  associated  with  the  level 
of  tran.scriptional  activation  of  AR  [93.941. 
This  polymorphism  has  been  examined  as  a 
risk  factor  for  breast  cancer.  In  a  popula¬ 
tion-based  case-control-family  study  of 
women  less  than  40  years  at  diagnosis  of 
breast  cancer,  there  was  no  association  bet¬ 


ween  the  length  of  the  CAG.  repedt  and  < 
breast  cancer  [95].  In  a  study  of  304 
women  with  germ-line  BRCAI  mutations, 
165  with  breast  cancer  and  139  without 
cancer,  the  effect  of  the  AR-CAG  repeat 
length  on  breast-cancer  penetrance  was 
evaluated.  Women  who  carried  at  lea.st  one 
AR  allele  with  >  28.  >  29,  >  30  CAG 
repeats  were  diagnosed  with  brea.st  cancer 
0.8,  1.8.  and  6.3  years  earlier  than  women 
who  did  not  carry  at  lea.st  one  such  allele 
[96].  This  suggests  that  androgen  signaling 
pathways  may  be  important  in  modifying 
development  of  cancer,  at  lea.st  in  BRCAI 
associated  cancers. 

Another  important  steroid  hormone  recep¬ 
tor  may  be  the  Vitamin  D  Receptor  (VDR) 
which  exerts  influence  in  brea.st  epithelial 
cells  [971  by  mediating  the  action  of 
1.25(OH)2D3.  which  is  involved  in  cell 
proliferation  and  differentiation  in  breast 
cancer  cells  [98-101].  In  two  studies,  the 
majority  of  breast  cancer  tumors  expres.sed 
VDR  1102.1031.  Colston  et  al  |l()31  repor¬ 
ted  that  there  was  signiflcantly  longer  di.s- 
ease-free  survival  in  those  patients  with 
VDR-positive  tumors.  Eisman  et  al  Il()4| 
found  that  VDR  protein  levels  were  as.so¬ 
ciated  with  lymph  node  meta.sta.ses.  In  a 
recent  study,  the  a.s.sociation  of  a  VDR  poly¬ 
morphism  with  brea.st  cancer  was  examined 
[1051.  There  was  no  association  with  risk  ot 
developing  breast  cancer,  but  for  brea.st  can¬ 
cer  ca.ses  ab.sent  the  7^/^/I  site,  there  was  a 
significantly  increased  risk  for  lymph  node 
metastasis  (OR=  1.8)  (105].  This  suggests 
that  variants  in  VDR  may  confer  an  increa- 
.sed  risk  for  breast  cancer  progression  (as 
measured  by  metasta.ses).  VDR  expression 
has  been  observed  in  endometrial  carcino¬ 
ma  ti.s.sue  1 1061  itnd  in  ovarian  cells  of 
mammals  (hens)  and  birds  1 1()7|. 

Insulin-like  growth  factor 
pathway  genes 

In  population-ba.sed  studies,  obesity  has 
been  reported  as  a  risk  factor  tor  breast, 
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QVarian  and  endometrial  cancers  [2,108, 
109].  Obesity  results  in  Significantly  In¬ 
creased  Insulin  (INS)  levels,  as  well  as  in¬ 
creased  levels  of  Insulin-Like  Growth 
Factor  I  (IGFl)  and  estrogen  [110].  E.stra- 
diol,  IGF  I  and  insulin  appear  to  .stimulate 
proliferation  in  normal  breast  epithelium 
and  increase  breast  cancer  risk  [111-113]. 
Thus,  genes  in  the  growth  factor  signalling 
pathway  are  good  candidates  to  study  for 
their  roles  in  the  etiology  of  these  cancers. 
Genes  in  the  IGF  signalling  pathway  al.so 
likely  function  as  regulators  of  steroid  hor¬ 
mone  actions  in  the  endometrium  [1 14]. 

The  estrogen  and  growth  factor  signalling 
pathways  are  interrelated  in  that  INS,  IGF, 
SHBG,  estrogen  and  their  receptors  are 
involved  in  regulation  of  each  other  [115- 
117].  Insulin  it.self  is  a  potent  mitogen 
[118].  The  INS  5’  VNTR  is  associated  with 
levels  of  insulin  gene  expression  both  in 
vivo  and  in  vitro  1 1 19. 120 j,  as  well  as  with 
levels  of  IGF2  1 121  ].  The  effect  of  in.sulin 
may  be  greater  through  down-regulating 
Insulin  Growth  Factor  Binding  Proteins 
(IGFBPs)  |1I3|.  A  decrea.se  in  IGFBPs 
would  increase  bioavailability  of  IGFl  and 
IGF2,  which  are  potent  mitogens  that  regu¬ 
late  proliferation  of  breast  cells  [  1 22. 1 23  ]. 
IGFBP-3  binds  IGFl  and  modulates  the 
activity  of  IGFl  1 124].  and  higher  circula¬ 
ting  levels  of  IGFl  and  lower  levels  of 
IGFBP-3  have  been  reported  in  breast  can¬ 
cer  patients  ( 1 1 3. 1 25].  IGFBP-3  may  also 
play  an  IGF-independent  role  in  growth 
regulation  of  cancer  cells  by  directly  inhi¬ 
biting  growth  11261.  IGFBP-3  levels  have 
been  as.sociated  with  poor  prognostic  fea¬ 
tures  (tumor  size  and  low  ER)  [1301.  IGF2 
has  been  implicated  in  regulation  of  breast 
cancer  cell  growth  1 127-129]. 

IGFl  may  be  an  important  breast  cancer 
risk  factor  becau.se  of  its  role  in  cell  growth 
and  differentiation,  as  well  as  its  effect  on 
ER  activity  [115,1311  and  PR  activity 
[132,133].  IGFl  levels  are  increa.sed 
during  periods  of  more  rapid  growth,  such 
as  puberty  [I23|.  Ninety  percent  of  breast 


tumors  are  insulin  receptor-positive  and 
over-expre.ss  IGFl  [III].  In  a  pro.spective 
ca.se  control  study,  there  was  a  strong  asso¬ 
ciation  between  circulating  IGFl  .serum 
concentrations  and  the  risk  of  breast  can¬ 
cer  in  premenopausal  women,  especially 
for  those  women  less  than  50  years  of  age 
at  the  time  of  blood  collection  [134]. 
SHBG  may  be  regulated  by  IGFl,  because 
as  IGFl  levels  increa.se,  SHBG  levels 
decrease  [135-137].  SHBG  binds  to  testo¬ 
sterone  and  estradiol,  thereby  regulating 
the  biologically  available  levels  of  these 
hormones  [1381.  Higher  levels  of  SHBG 
would  reduce  free  levels  of  estrogen,  the¬ 
reby  protecting  against  the  development  of 
breast  cancer.  SHBG  has  been  observed  in 
both  normal  and  cancerous  breast  tissue  by 
immunostaining  1 1391. 

IRSi  is  the  major  cytoplasmic  substrate  of 
the  insulin  and  IGFl  receptors  in  most  insu¬ 
lin  .sensitive  tissues,  includinsi  breast  tissue. 

W 

Nolan  et  al  [140]  observed  that  IRSI  was 
critical  in  control  of  growth  of  IVlCF-7  cells 
and  in  cell  .survival.  High  IRSI  expression 
is  a  factor  in  shorter  di.sease-free  survival  in 
patients  with  small  tumors  (<  2  cm)  1 1 16. 
130].  This  suggests  that  IRS  I -mediated 
signalling  is  involved  in  growth  regulation 
in  breast  tumors  ( 130. 141  ]. 

The  growth  factors  binding  proteins  and 
receptors  of  the  IGF  pathway  are  important 
in  ovarian  follicle  growth  and  development, 
as  they  both  stimulate  t)varian  cellular  mi¬ 
tosis  and  .steroidogenesis  and  inhibit  apop¬ 
tosis  I142|.  IGFl  plays  a  role  in  prolifera¬ 
tion  of  ovarian  cancer  and  appears  to  inte¬ 
ract  with  estradiol  to  regulate  growth 
1 143,144|.  PCOS  was  described  above,  and 
the  action  of  CYP17,  which  regulates 
androgen  synthesis,  appears  to  be  regulated 
by  the  insulin/IGF  sy.stem  |6(),6I  |. 

The  IGF  system  likely  functions  to  media¬ 
te  steroid  hormone  action  in  the  endome¬ 
trium  as  well  as  in  the  breast  and  ovaries. 
Rutanen  et  al  1 1 14|  examined  levels  of  the 
IGFBPs  in  normal  and  cancerous  endome¬ 
trial  tissue  and  observed  that  lGFBP-1 
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expression  was  suppressed  in  cancerous 
tissue,  suggesting  that  an  excess  stimula¬ 
tion  of  cells  by  IGFs  leads  to  uncontrolled 
proliferation.  The  role  of  insulin  in  growth 
of  endometrial  cancers  was  studied  in  five 
endometrial  cancer  cell  lines  [145],  Insulin 
stimulated  cell  growth  of  all  the  cell  lines, 
possibly  through  both  direct  action  as  a 
mitogen  and  indirectly  through  the  IGF 
pathway.  Insulin  suppresses  and  progeste¬ 
rone  induces  IGFBP  expression  in  the  en¬ 
dometrium.  so  that  suppression  of  IGFBP- 
I  may  explain  the  increased  risk  of  endo¬ 
metrial  cancer  when  there  is  hyperinsu- 
linemia  or  unopposed  estrogens  (absence 
of  progesterone)  [114].  Kleinman  et  al 
[146.147]  inve.stigated  the  effects  of  estra¬ 
diol  and  tamoxifen  on  the  IGF  .system  in 
Ishikawa  endometrial  cancer  cells.  They 
found  that  estradiol  and  tamoxifen  sensiti¬ 
ze  the  cells  to  the  effects  of  IGFs  by  eleva¬ 
ting  IGFIR  levels  and  decreasing  IGFBP 
levels. 

CARCINOGEN  METABOLISM 
GENES 

The  final  set  of  genes  to  be  discus.sed  are 
tho.se  which  metabolize  carcinogens,  both 
exogenous  and  endogenous.  Polycyclic 
Aromatic  Hydrocarbons  (PAHs).  which  are 
common  in  urban  environments  and  pre- 
.sent  in  tobacco  smoke,  are  possible  human 
breast  carcinogens.  They  are  lipophilic  and 
stored  in  adipose  tissue  [1481,  ^tre  metabo¬ 
lized  and  activated  by  human  mammary 
epithelial  cells  [1491  ^nd  cause  mammary 
tumors  in  rodents  [1501.  PAHs  are  metabo¬ 
lized  by  pha.se  I  enzymes,  including  the 
cytochrome  p450  enzymes  (for  example, 
CYP2EL  CYPIAI  and  CYP2D6)  and  NAD- 
(P)II:  Quinone  Oxidoreducta.se  (NQOI).  in¬ 
to  reactive  intermediates  which  are  then  de¬ 
toxified  by  pha.se  II  enzymes,  including 
Glutathione  S-Transferases,  GSTs  (for 
example.  GSTPL  GSTML  GSTTI)  [151 1 
and  Epoxide  Hydroxyla.se  (EPHX)  [1521. 


Polymorphisms  in  the.se  enzymes  m: 
affect  breast  cancer  risk  because  of  alter 
tions  in  the  metabolizatiori  of  the  PAH 
Several  researchers  have  conducted  studii 
examining  the  effects  of  genetic  variants 
CYPIAI  and  CYP2D6,  which  may  enhani 
the  conversion  of  PAHs  to  reactive  inte 
mediates  and  of  the  null  (poor  metabolize 
PM)  phenotype  of  GSTs,  whereby  detoxif 
cation  of  PAH  intermediates  may  not  occu 
The  studies  of  CYPIAI  were  described  pn 
viously.  Ladero  et  al  [153]  compared  ind 
viduals  who  were  homozygous  for 
CYP2D6  variant  to  phenotypical ly  norm: 
individuals  and  reported  a  relative  risk  c 
2.09  for  breast  cancer.  Wolf  et  al  [154]  an 
Pontin  et  al  [155]  .saw  no  increased  ris 
a.ssociated  with  this  variant. 

GSTs  may  be  important  in  breast  cance 
becau.se  of  their  role  in  detoxifying  exoge 
nous  carcinogens  in  the  breast  and/or  b 
detoxifvinsi  the  catechol  estroaens  to  inac 
tive  metabolites.  However,  several  studie 
report  no  significant  association  betweei 
breast  cancer  and  the  null  phenotvpe  o 
GSTMI  171.156.157).  In  contrast',  in  ; 
recent  study,  breast  cancer  risk  wa 
increased  in  GSTMI  null  individuals  wh( 
were  >  50  years  of  age.  suggesting  that  i 
may  play  a  role  in  postmenopausal  breas 
cancer  development  [I58|.  Rebbeck  et  a 
[1561  examined  GSTTI  in  breast  cance 
cases  with  a  family  history  and  reportec 
that  mean  age  at  diagnosis  was  signifl 
cantly  earlier  in  GS'TTI -nuW  carriers.  Thi; 
result  suggests  that  women  who  carr} 
GSTTI  null  alleles  may  be  more  suscepti¬ 
ble  to  the  effects  of  PAHs  than  womer 
who  carry  normal  alleles,  becau.se  they  are 
unable  to  form  inactive  metabolites  and 
therefore  have  higher  exposure  levels, 
which  results  in  development  of  breast 
cancer  at  an  earlier  age.  In  a  study  of  endo¬ 
metrial  cancers,  there  was  no  risk  a.s.socia- 
ted  with  either  the  GSTMI  null  or  the 
GSTTI  null  alleles  [781. 
N-AcetyITransfera.se  (NAT)  is  important  in 
the  acetylation  of  arylamine  carcinogens.  It 
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-  is  one  of  the  major  enzymes  in  breast  tissue 
that  activates  the  aromatic  and  heterocyclic 
*  amines  for  which  the  main  exposure  is  ci¬ 
garette  smoking  or  consuming  well-done 
meat.  Increased  risks  of  breast  cancer  have 
been  reported  in  women  who  smoke  and 
who  are  NAT2  slow  acetylators  [159]  or 
who  have  a  CYP2E1  variant  [160].  In  a 
recent  case  control  study  of  postmenopau¬ 
sal  women,  a  NATl  polymorphic  allele 
was  associated  with  an  approximately  4- 
fold  increased  risk  of  breast  cancer  and  was 
elevated  in  those  that  smoked  and  those 
who  consumed  well-done  meat  [161]. 
Although  not  an  enzyme  which  metaboli¬ 
zes  carcinogens,  the  HRASI  VNTR  (Va¬ 
riable  Number  Tandem  Repeat)  has  been 
associated  with  an  increa.sed  risk  of  breast 
cancer  in  case-control  studies  [162]  and  an 
increased  risk  of  ovarian  cancer  in  BRCAI 
mutation  carriers  1163].  There  are  likely 
other  genetic  polymorphisms  which  have 
been  reported  to  confer  an  increased  risk 


of  breast  cancer  which  are  not  described  in 
this  review. 

CONCLUSIONS 

In  this  chapter,  we  have  described  genes 
and  their  protein  products  which  could 
confer  an  increased  risk  for  development 
of  cancers  of  the  breast,  ovary  and  endo¬ 
metrium.  Because  these  genes  likely  con¬ 
fer  only  a  small  risk  for  developing  cancer, 
large  cohorts  and  ca.se-control  populations 
are  required  in  order  to  assess  their  signifi¬ 
cance.  It  may  be  that  it  is  gene-gene  and 
gene-environment  interactions  that  are 
important  for  risk  of  developing  these  can-, 
cers.  Ba.sed  on  studies  lookimi  at  main 
effects  and  interactions,  the  size  of  interac¬ 
tion  effects  are  often  larger  than  main 
effects  because  of  .synergi.stic  effects  of 
factors.  The  role  of  low  penetrance  genes 
in  breast,  ovarian  and  endometrial  cancers 
is  still  an  under-explored  research  area. 


ACKNOWLEIXiE.MKNTS 

I  would  like  to  thank  Faye  Truman  for  typing  the  references.  This  work  was  supported  by  grants 
from  NIH  ROI  CA74415.  the  Department  of^Defemse  DAMD  17-94-1-4260  and  DAMD  17-96-1- 
6266  and  the  American  Cancer  Society  RPG-99- 1 8 1  -0 1 CCE. 


57 


REFERENCES 

[II  American  Cancer  Society:  Cancer  Facts  am! 
Figures.  American  Cancer  Society,  Atlanta,  1 996. 

[2]  Kelsey  JL.  Whitte.viore  AS:  Epidemiology  and 
primary  prevention  of  cancers  of  the  breast,  endo¬ 
metrium  and  ova/y.  A  brief  overview.  Ann  Epide¬ 
miol,  4:  89,  1994. ' 

[3]  Pike  MC,  Peters  RK.  Cozen  W  et  al:  E.strogen- 
progestin  replacement  therapv  and  endometrial  can¬ 
cer.  J  Nat  Cancer  Inst.  89:  1 1’lO,  1997. 

[4]  HENDER.SON  BE.  Casaorande  JT.  Pike  MC  et 
al:  The  epidemiology  of  endometrial  cancer  in 
young  women.  Br  J  Cancer,  47:  749,  1983. 

[5]  P.araz7.ini  F.  La  Vecchia  C.  Moroni  S  et  al: 
Family  history  and  the  risk  of  endometrial  cancer. 
Int  J  Cancer.  59:  460.  1994. 

[6|  Gruber  SB.  Thompson.  WD:  A  population- 
based  .study  of  endometrial  cancer  and  familial  risk 
in  younger  women.  Cancer  and  Steroid  Hormone 
Study  Group.  5:411.  1996. 

|7|  .Sandlks  LG.  Shul-Man  LP.  Elias  S  et  al: 
Endometrial  adenocarcinoma:  genetic  analysis  sug¬ 
gesting  heritable  site-specific  uterine  cancer  Gyne¬ 
col  Oncol.  47:  167.  1992. 

[8|  Watson  P.  Vasen  HF.  Mecklin  JP  et  al:  The 
risk  of  endometrial  cancer  in  hereditary  nonpolypo- 
sis  colorectal  cancer  Am  J  Vied.  96:  516.  1994. 

|9|  Par.az/.ini  F.  Franch.schi  S,  LaVixchia  C. 
Fasoi.i  M:  The  epidemiology  of  ovarian  cancer. 
Gynecol  Oncol.  43:  9.  1991. 

I  ibl  Wiirnii.MORi;  .AS.  Harris  R,  Itnyre  J  and  the 
Coi.i.ahorativi-:  Ovarian  Cancer  Gkoi  p:  Cha¬ 
racteristics  related  to  ovarian  cancer  risk:  collabo¬ 
rative  analysis  of  twelve  L’.S  case-control  studies.  IV. 
The  pathogenesis  of  epithelial  ovarian  cancer  .Am  J 
Epidemiol.  1.36:  1212.  1992. 

I  i  1 1  Golikiar  DE.  E.-\.ston  DF.  Cannon-Albricht 
LA.  Skolnick  MH:  A  systematic  popuUition-ba.sed 
as.ses.sment  of  cancer  risk  in  first  degree  relative  of 
cancer  prohands.  J  Natl  Cancer  Inst.  86:  1600. 

1994. 

|I2|  .ScHll.DKRAiT  JM.  Thomp-Son  WD:  Familial 
ovarian  cancer:  a  popidafon-ba.sed  cu.se-control 
.study.  Am  J  Epdemii)!.  128:  456.  1988. 

|I3|  Kerher  RA.  SL.vrTERV  ML:  The  impact  of 
family  history  on  ovarian  cancer  risk.  The  Utah 
Population  Database.  Arch  Intern  Med.  8:  905. 

1995. 

1 14|  Koch  M.  GAi;nKE  H.  Jenkins  H:  Family  history 
of  ovarian  cancer  patients:  a  case-control  study.  Int 
J  Epidemiol.  18:  782.  1989. 

|I5|  PivER  MS.  Goi.DHERd  JM.  Tsukada  Y  et  al: 
Characteristics  of  familial  ovarian  cancer:  a  report 
of  the  first  l,()t)()  families  in  the  Gilda  Radner 
Familial  Ovarian  Cancer  Registry.  Eur  J  Gynaecol 
Oncol.  17:  169.  1996. 


[16]  JisHi  MF,  Itnyre  JH,  Oakley-Girvan  IA  btal:  ^ 
Risks  of  cancer  among  members  of  families  in  the 
Gilda  Radner  Familial  Ovarian  Cancer  Registry. 
Cancer,  76:  1416.  1995. 

[17]  Rubin  SC.  Blackwood  MA.  Bandera  C  etal: 

BRCAI,  BRCA2,  and  hereditary  nonpolyposis  colo-  j 
rectal  cancer  gene  mutations  in  an  un.selected  ova-  1 
rian  cancer  population:  relationship  to  family  • 
history  and  implications  for  genetic  testing.  Am  J 
Obstet  Gynecol.  178:  670.  1998.  * 

[18] -  Kelsey  JL.  Gam.vion  MD.  John  EM:  Repro-  ; 

ductive  factors  and  breast  cancer.  Epidemiol  Rev,  ; 
15:36,1993.  j 

[19]  Rosner  B.  Colditz  GA.  Wii.let  WC:  Repro-  | 

ductive  risk  factors  in  a  prospective  study  of  breast  i 
cancer.  The  Nurses  Health  .Study.  Amer  J  Epidemiol.  I 
139:819.1994.  \ 

[20 1  Brinton  la.  Hoover  R.  Frau.meni  JF:  | 
Interaction  of  familial  and  hormonal  ri.sk  factors  for  t 
/jrmsramcc/:  JNCI.69:  817.  1982.  ; 

|2I|  Ottman  R.  Pike  MC.  Kino  VI-C  et  al:  ! 
Familial  breast  in  a  population-based  series.  Am  J  | 
Epidemiol.  123:  15.  1986. 

[22|  Sattin  RW.  Ri  bin  GL.  Webster  LA  et  al:  The  ■ 
cam  ‘er  and  .steroid  hormone  study:  Family  history  and 
the  ri.sk  of  breast  cancer,  i  AW  A.  25?>:  1908.  1985. 

[23]  Cann(Ln-Albric.ht  LA.  Bishop  T.  Goi.doar 
DE.  Skolnick  MH:  Genetic  Prcdispositon  to  Can¬ 
cer.  In:  DeVita  VT,  Jr.  Hib.i.man  S.  Rosenbero  SA 
(eds).  Important  .Advances  in  Oncology.  Lippincott. 
Philadelphia.  1991, 

[24]  A.mos  Cl.  Goi.dstiin  AM.  Harris  EL: 
Familiality  of  breast  cancer  and  .socioeconomic  sta¬ 
tus  in  blacks.  Cancer  Research,  51:  1793,  1991. 

(25 1  Ci.ACS  EB.  Risen  NJ,  Thompson  WD:  /\,i,'c  at 
onset  as  an  indicator  of  familial  risk  of  breast  can¬ 
cer.  Am  J  Epidemiol.  131:  961.  1990. 

[26|  Bondy  ml.  Spitz  MR.  Hai.abi  S  et  al:  Low  : 
incidence  of  familial  breast  cancer  among  Hispanic 
women.  Cancer  Cause  and  Control.  3:  377.  1992. 

[27 1  Claus  EB.  .Schii.dkrai  t  JM.  Thomilson  WD.  ; 
Risen  NJ:  The  genetic  attributable  risk  of  breast  and  \ 
ovarian  cancer.  Cancer.  77:  2318,  1996.  | 

128]  Ford  D.  E.\.ston  DF.  Stratton  M  et  al:  : 
Genetic  heterogeneity  and  penetrance  analysis  of  i 
the  BRCA I  and  BRC.\2  genes  in  brea.st  cancer fimti-  ! 
lie.s.  Am  J  Hum  Genet.  62:  676.  1998.  i 

[29 j  .Struewino  JP.  Hartc.e  P.  Wachoi.der  S  etal: 

The  risk  of  cancer  a.ssociated  with  specific  muta¬ 
tions  of  BRCAI  and  BRCA2  among  A.shketia:.i.  N 
Eniil  J  Med.  3.36:  1401.  1997. 

(.3(r|  SiMARl)  J.  Tonin  P.  Dt.'ROCHER  F  ET  Al.;  Com¬ 
mon  origins  of  BRCAI  mutations  in  Canadian 
brea.st  and  ovarian  cancer  families.  Nature  Gene¬ 
tics.  8:  .392.  1994. 

[3 1 1  Thori.acius  S,  Oi.aesdo'itir  G.  Tkyoovadot- 
TlR  L  ET  al:  a  single  mutation  in  the  IIRCA2  gene 


58 


in  male  and  female  breast  cancer  families  with 
varied  cancer  phenotypes.  Nature  Genetics,  1^: 
J  1 7.  1996. 

[32]  Tonin  P,  Whbkk  B.  Okkit  K  ht  ai.:  A  hi,<’h  fre- 
iptency  of  BKCA I  and  HRCA2  mutations  in  222 
Ashkenazi  Jewish  breast  cancer  families.  Nature 
Medicine.  2:  1179.  1996. 

(33 1  Pkto  J.  Com. ins  N.  Barfoot  R  kt  ai.: 
Prevalence  of  HRCA I  and  BRCA2  t’ene  mutations  in 
patients  with  eariy-onset  breast  cancer.  J  Natl 
Cancer  Inst.  2:  943.  1999. 

(34)  Harris  JR.  Lipi’.m.an  ME.  Vhronhsi  U  et  ai.: 
Breus!  Cancer  (First  of  Three  Parts).  New  Eimland 
J  Med.  .327:  319.  1992. 

(.35)  Dai.ino  JR.  Mai.onh  KE.  Voict  LF  kt  ai.:  Risk 
of  breast  cancer  anion!’  youiii’  women:  relationship 
to  induced  abortion.  J  Natl  Cancer  Inst.  86:  1584, 
1994. 

(36|  D.ai.y  MB:  The  epidemiology  of  ovarian  cancer. 
Hematol  Oncol  Clin  North  Am.  6:  729.  1992. 

(.37|  Adami  ho.  Hii-.sii  CC.  Lamhe  M  I'T  ai.:  Parity 
aye  al  first  childbirth,  and  risk  of  ovarian  cancer. 
Lancet.  .344:  12.50.  1994. 

(.38|  Mai.onI:  KE.  Dai.i.no  JR.  Wi-iss  NS:  Ora!  con¬ 
traceptives  in  relation  to  breast  cancer.  Epidemiolo¬ 
gic  Reviews.  15:  SO.  199.3. 

(.39)  Coi.I  .XIlORATIVi:  (il<()(  I’ON  HoR.NK )NAI .  F.ACIORS 
l.N  Bri- A.ST  C.a.ncI'.r:  Breast  cancer  and  hormonal 
contraceptives:  further  results.  Ci)ntraception.  54S: 

I.  1996. 

|40|  Wiim-.  E.  M,\i o.Ni:  KIL  \Vi:is.s  NS.  D  \i  i.nc  JR: 
Brea.st  cancer  amomz  yoiai'.’  l.S  women  in  relation 
to  ond  contraceptive  use.  .1  .N'al  Cancer  Inst.  86:  505. 
1994. 

|4I|  Col  ony  Ci.A.  H  \NKiN.soN  .SI{.  Hcmi-.r  DJ  i;t 
.AI.:  The  use  of  estro<;ens  and proyestin.s  iiiul  the  risk 
oj  breast  cancer  in  postineiuipaustd  women.  .\  Engl 
J  Med.  .3.32:  1589.  1995. 

(421  .N'i  wco.mm  P.\.  Lon(;\i-.(  ki:r  .\IP.  Siori-r  BE  it 
AI.:  l.on’.i-ierm  hormone  replacement  therapy  and 
risk  of  breast  cancer  in  postmenopausal  women.  .Am 
J  Epidemiol.  142:  788.  1995. 

(4.3|  S(  iiairi;r  C.  Byrni-.  C.  Ki  vi.  P  i:r  ai.:  Meno- 
pau.sa!  estroyen  and  estroyen-proyestin  replacement 
therapy  and  risk  of  breast  cancer  (I'nited  States). 
Cancer  Cau.ses  and  Control.  5:  491.  1994. 

(44)  SiANioRi)  JL.  Wi'i.ss  NS.  Voior  LF  it  ai.: 
Combined  estroyen  and  proye.vtin  hormone  replace¬ 
ment  therapy  in  relation  to  ri.sk  of  breast  cancer  in 
midille-ayed  women.  JAMA.  274:  137.  1995. 

(45|  Goi.doar  DE.  .STia:i.i;  L.  Nia  iiAi  si-N  S  it  ai.: 
Breast  and  Ovarian  cancer  in  Utah  kindreds  with 
three  BRCAI  mutations.  In:  Shari*  HF.  Bi.ACKiaT  T. 
Li;aki;  R.  Bkri;k  J  (eds)  Ovarian  Cancer,  payes  49- 
.59.  Chapman  &  Hall.  London.  1996. 

(46)  Naroi)  SA.  Goi.ixiar  DE.  C.annon-Ai.urkiiit 
LA  IT  AI.:  Risk  modifiers  in  carriers  of  BRCAI 
mutations,  hit  J,  Cancer,  64:  .394.  1995. 


(471  Marques  ST.  Rajan  JC,  Wynsh.aw-Bori.s  a  et 
AI.:  The  developmental  pattern  ofBRCA  I  e.xpres.sion 
implies  a  role  in  differentiation  of  the  brea.st  and 
other  ti.s.sues.  Nature  Genet,  II:  17.  1995. 

(48)  Tonioi.o  PG.  Levitz  M.  ZHLh.Mi  ch-Jacquotte  i 
A  ET  AI.:  A  prospective  study  of  endoyenous  estro-  ' 
yens  and  breast  cancer  in  postmenopausal  women.  J  ‘ 
Nat  Cancer  last.  87:  190.  1995. 

(49)  Zia.ENiucH-JACQUOTTE  A.  ToMOl.o  P,  Levit/.  M 
ET  AI.:  Endoyenous  estroyens  and  risk  of  breast  can¬ 
cer  by  estroyen  receptor  status:  a  prospective  study 
in  postmenopau.sal  women.  Cancer  Epidemiol 
Biomarkers  Prev.  4:  857.  1995. 

(50)  Cali.ey  JA,  Lucas  FL.  Ki  i.i.er  LH  kt  al: 

Elevated  .serum  estradiol  and  te.stosterone  concen¬ 
trations  are  as.sociated  with  a  hiyh  risk  for  breast  * 
cancer.  Study  of  Osteoporotic  Fractures  Research  ( 
Group.  Ann  Intern  Med,  130:  270.  1999.  | 

(51  (  Y.aoer  JD.  Liehr  JG:  Molecular  mechanisms  of  f 
estroyen  carcinoyene.si.s.  Annu  Rev  Pharmacol  I 
"Rixicol.  36:203.  1996.  i 

(521  Sasano  H.  Haraoa  .N;  Intratumoral  aromatase 

in  human  breast,  endometrial,  and  ovarian  mali-  ■ 
ynancies.  Endocr  Rev.  19:  593.  1998. 

(5.31  Brooii-:  .a.  Lono  B.  Lf  Q:  .\romatase  e.xpres-  ■’ 
sion  in  the  human  breast.  Breast  Cancer  Res  Treat. 
49SI:  85.  1998. 

(.541  K.\(;  \  K.  Sasano  H.  Har  \I).\  N  i  i  .\i.;  Aro¬ 
matase  in  human  common  epithelial  <warian  neo¬ 
plasms.  .-\m  J  Palhol.  149:  45.  1996.. 

(55|  Bn. I  N  SE.  Economos  K.  .Miiiik  D.  Si.mi’son 
ER:  OFF)  (aromatase  cytochrome  F45())  yene 
expression  in  human  nudiynant  endometrial  tumors. 

J  C'lin  Endocrinol  .VIelah.  79;  18.31.  I004. 

|56|  Kristi-.nsen  VN.  .Anoi  rsi-.n  TI.  l.iNoni.oM  A  11 
Al.;  .3  rare  O  FF)  aromatase  viuiam  may  increase 
the  risk  of  breast  cancer.  Pharmacogenetics.  8;  4.3. 

1998. 

(57|  Siiaa  i  mann-Danii-.i.i  .N.  Bt  l•  r<m  KH:  Consti¬ 
tutional  yenelh'  variation  at  the  hunum  aronunase 
yene  (OFF))  and  brea.st  cancer  risk.  Br  .1  Cancer. 
79:4.56.1999. 

|.58|  .Soi.o.MON  CCi;  The  epidemioloyy  of  polycystic 
ovary  syndrome.  Frevalence  and  associated  disease 
risk.  Endocrinol  Metab  Clin  North  .Am.  28;  247. 

1999. 

(591  .SCIIII.OKRAI  T  JM.  .SCIIWI.Ndl.  PJ.  B  V.S'I'OS  E  IT 
.AM  Epithelial  ovarian  eaneer  risk  amony  women 
with  polycystic  ovary  snydrome.  Obsiet  Gviiccol. 

88;  .5.54.  1996. 

(60|  Qin  KN.  Rosi-Niaia.o  RL:  Role  of  cytochrome 
F45()cl7  in  polycystic  ovmy  .syndrome.  Mol  Cell 
Endocrinol.  45;  111.  1998. 

(61  (  HoMiU'Rd  R;  Involvement  of  yrowth  factors  in 
the  pathophy.sioloyy  of  polycy.stic  ovary  syndrome. 
Gynecol  Endocrinol.  12:  391.  1998. 

(621  Cari-y  ah.  Waterworth  D.  Patel  K  et  al: 
Polycystic  ovaries  and  premature  male  pattern  hald- 


59 


ness  are  associated  with  one  allele  of  the  steroid 
nwtaholism  ,iiene  CYP  17.  Hum  Moi  Genetics,  3: 
1873,  im 

|63|  Ti'CHatkaisak  K.  Conway  GvS,  Rdmshy  G: 
Frequency  of  a  polymorphism  in  the  re  initiatory 
rejnion  of  the  17  alphadiydoxylase-l7-2()dyase 
{CYP  17)  j^ene  in  hyperandroinetiic  states.  Clin 
Endocrinol,  46:  131.  mi. 

[64|  pKiciia.soN  HS,  Shamils  LS.  PiKf-:  MC  ht  al: 
Cytochrome  P45()cl7  ^ene  (CYP 1 7)  polymorphism 
is  associated  with  serum  estroinen  and  proinesterone 
concentrations.  Cancer  Research,  58:  585,  1998. 

|65|  Haiman  CA.  Hankinson  SE.  Simhoki.man  D  kt 
al:  The  relationship  between  a  polymorphi.sm  in 
CYP  17  with  plasma  hormone  levels  and  breast  can- 
cen  Cancer  Research.  59:  1015.  1999. 

|66i  FhKiLLSON  H.S,  COLT/KL  GA.  KoLOM:!.  LN  KT 
AL:  ;\  polymorphism  in  the  CYP  17  increases 

the  risk  of  breast  cancer.  Cancer  Research,  57: 
1063.  1997. 

[671  D(  NNiNO  AM.  Hi- Ai.L.v  C.S.  Piiakoaii  PD  kt  al: 
No  association  between  a  polymorphism  in  the  ste¬ 
roid  metabolism  yene  CYP  17  and  risk  of  breast  can- 
cen  BrJ  Cancer.  77:  2045.  I99S. 

|6S|  Hi-i./i  SOI  I  K  KJ.  H\i  \(i  H-V.  SikiCKi.AM)  PT 
l-r  Al  :  .\ss<n‘i(ifion  between  CYP  1 7  polymorphisms 
and  the  devcbfpmcnt  of  breast  ('anccr.  Cancer 
Epidemiol  liiomarkers  cV:  Prev.  7:  045.  1008, 

|60|  \Vi  si{)N  A,  P\.\  C-F.  Bli  iumss  IJ  i  r  \i  : 
CYPIT  yenofype  and  breast  cancer  risk.  Cancer 
I’pidemiol  Biomarker.s  lV:  Prev.  7:  041,  1008. 

|70|  Si.RMCL  Rl*:  .\ru'  role  lor  estroyen  in  canc  er/ 
Science.  I.v  1631,  lOOS. 

(71 1  Amukosom  C'B.  I-!<l.li)1mii.im  JI..  Gk aiiam  S  l.i 
\l :  Cytochrome  45ol.  \l  and  ylutatluones-transfera.se 
(Mh  yenetie  polymorphisms  and  postmenopausal 
breast  c  cincrr  risk,  (\incer  Research.  55:  .U83.  1005. 

1 72 1  Ri-nni CK  TR.  Rosnoi  d  l:A.  Oi  (iCAN  DJ  l.t  al: 
(ienetic  s  of  CYP LM:  Coamplific-ation  tf  spec  ific' 
(dieles  by  polymerase  c  hain  reac  tion  and  assen  ia- 
tiem  with  breast  ccincer.  Cancer  Epidemiol  Bio“ 
markers  &  Prev.  3:  511.  1904. 

|73|  Taioi  I  E,  Tkaciiman  .1.  Cm:N  X  K;r  al:  A 
CYP  I  A!  restriction  fraytnent  lenyth  polymorphism 
is  associated  with  breast  cancer  in  African- 
American  women.  Cancer  Research.  55:  3757.  1995. 
|74|  Taioli  E.  Bkadi.ow  HL.  (E\Rnia<r.s  SV  wv  al: 
Pole  of  estradiol  metabolism  and  CYP  I A  I  polymor¬ 
phisms  in  breast  cattcer  risk.  Cancer  Deled  Prev. 
23:  232.  1909. 

(75|  Isiiini-;  N.  Ha.nkinson  SE,  Coi.Drr/  CIA  in*  \i.: 
Ciyarette  smokiny,  cytochrome  P45()  lAI  polymor¬ 
phisms,  and  breast  cancer  risk  in  the  Nurses'  Health 
Study.  Cancer  Res,  15:  667,  1908. 

|76|  BuKNK'r  J-S.  Vl:.si»kini  D,  Aiiraii amson  J  kt  al: 
Breast  cancer  risk  in  BPCAI/BPCA2  carriers  is 
modified  by  the  CYP  I  A!  yene.  Am  J  Hum  Genet, 
6.3S:  A47.  1998. 


|77|  E.STia.LKK  M.  Garcia  A.  Marti.\i:/.-Pai.()nh.s 
JM  KT  Al.:  Germline  pidymorphisms  in  cytochrome-  ^ 
P45()  I  A!  iC4HH7  CYP  I  A!)  and  meHiylenetetrahy- 
drofolate  reductase  (MTHFR)  yenes  and  endome¬ 
trial  cancer  susceptibility.  Carcinoijenesis,  18:  2307, 
1997. 

(78|  EsTia.i.KR  M,  Garc  ia  A.  Martink/-Pal()nhs 
JM  KT  al:  Susceptihility  to  endometrial  cancer: 
influence  ofallelism  at  p5J,  ylutathione  S-transfera- 
se  (GSTMI  and  GSITI)  and  cytochrome  P-45() 
(CYPlAh  loci.  BrJ  Cancer.  75:  1385,  1997. 

|79|  Lachman  HM.  Papolos  DF.  Saito  T  kt  ai.: 
Human  catechol-O-metfiyltransferase  pharmacoye- 
netics:  description  of  a  functional  polymorphism 
and  its  potential  application  to  neuropsychiatric  dis¬ 
orders.  Pharmacogenetics.  6:  243.  1996. 

|801  LAVKiNK  JA.  Hl.i./ls()i  i:r  KJ.  Hi  anc.  H-Y  kt 
AL:  An  association  between  the  allele  codiny  for  a 
low  ac  tivity  variant  ofcatechol-O-methyltransferase 
and  the  risk  for  breast  I'anc  er.  Cancer  Research.  37: 
5493,  1907. 

|8I|  Khan  S.-\.  Rocl.rs  MA.  Km  rana  KK  i-.r  al: 
Fstroyen  receptor  cwpressicnn  in  benign  breast  epi¬ 
thelium  and  breast  cam  er  risk.  J  Nal  Cancer  Inst.  7: 
37,  1008. 

[82 1  .-XM)!  RsoN  Tl.  Woosh  R  R.  I.WKI  K  i  i'  \L: 

Sc  reeniny  ten  FSR  nnaations  in  breast  and  incirian 
cancer  patients.  Hum  Mutal.  0:  531.  1007. 

|83|  P\Ri  YT.Cwwir  dr.  Di  )>o\i WI):  (iemnnic 
DNA  (uudysis  of  the  csfnfycn  receptor  yene  in  breast 
c'cincer.  Breasi  C'ancer  Res  Treat.  14:57.  |0S0. 

|84|  Rowi  SM.  C'oi  (iiii  \\  S.I.  .\I(  Ki  \\  \  NJ  i  i  \i.: 
Ovarian  care  iuonui-asscfciatcd  Tcicjl  restriction 
frayment  length  polynnn'phism  in  intnm  (i  of  the 
pntyesterone  receptor  ‘.^enc  is  due  tcf  tui  Alu  \equen- 
ce  insertion.  C'ancer  Res.  55:  2743,  1005. 

|85|  I.ANCxsri  R  JM,  Bi  rchick  .\.  C'\r\ia  ME  l;t 
al:  Proyesterone  recepten'  i^enc'  polymorphism  and 
risk  for  breast  cam  er  and  ovarian  cancer  Br  J 
Cancer,  78:  277,  1008. 

|86|  M.\.\oiris\s  TP.  ENdi  ia-iia  D  P.  E(*(ii-.s  DM. 

C  AMiMii.l.l  ICi:  .Vo  asstniafion  of  a  .d)6-bp  insertion 
polymorphism  in  the  proyesterone  recepten'  yene 
with  ovarian  and  breast  c  cinc  er  Br  J  Cancer.  75: 
1398.  1997. 

1 87 1  Lac  KM.  Mok  SC.  Ho  SM:  F.xpression  of 
human  estroyen  recepten'-edpha  and  -beta,  proyeste¬ 
rone  recepten:  and  amlroyen  receptor  mRNA  in  nor¬ 
mal  and  maliynant  ovarian  epithelial  cells.  Pn)c 
Nall  Acad  ,Sci  USA,  II:  5722,  1090. 

|88|  KciiNia  R,  !)i:CIraali-  J.  Rao  BR.  Sioi.K  JG: 
Amlroyen  recepfe>r  predominance  in  human  ewarian 
carcinoma.  J.  Steroid  Biochem.  26:  393,  1087. 

|89|  Miaai-Ns  HJ.  Hia..NKMAN  MH,  KocD.srAAi,  J  i-t 
al:  Androyen  receptor  c'ontenf  in  human  endemietrium. 

Eur  J  Obslet  Gynecol  Reprod  Biol,  70:  1 1,  1996. 

|90|  Horik;  k,  Takakcra  K.  Imai  K  i-.r  al: 
Immumdiistm  hemical  localizatieni  of  androyen 


60 


receptor  in  the  htinian  eiuhinetriiini,  ilecUhia,  pUt- 
(^entii  and  patholoi'iccd  conditions  of  the  endoine- 
rriinn.  Hum  Rcprod.  7:  1461.  1992. 

[91 1  HA(  Kt;NUi:R(:  R,  Sciii'i.r/  KD:  Andro}>en  recep¬ 
tor  mediated  itrowth  control  of  breast  cancer  and 
endometrial  cancer  modulated  by  antiandroi'en-and 
androyen-like  steroids.  J  Steroid  Biochem  Mol  Biol, 
56:  W?.  1996. 

[921  BikKi:i,l.  SN.  H,\i,i.  RE.  Tii.i.ky  WD:  Role  of  the 
androyen  receptor  in  human  breast  cancer.  J  Mamm 
Gland  Biol  Neopla.sia.  .I:  95.  1998. 

[9.1 1  Ciia.mbi;ri.ain  NL.  Drivkr  Ed.  Mirskki.d  RL: 
The  lenyth  and  location  of  CAG  trinucleotide 
repeats  in  the  androyen  receptor  in  human  brea.st 
cancer.  J  .Vlamm  Gland  Biol  Neoplasia.  3:  95.  1994. 
[94]  KA/t;.\ii-E.si ARJA.Ni  P.  Trii  iro  MA.  Pin.sky  L: 
Evidence  for  a  repressive  function  of  the  lony  poly- 
ylutaniine  tract  in  the  human  androyen  receptor: 
possible  pathoyenetic  relevance  for  the  (C.\G)n- 
e.xpanded  neuropathies.  Hum  Mol  Genet.  4:  52.i. 
1995. 

[95 1  Sim  rdi.i-.  AB.  Dm-;  (IS.  Ciii;.\  X  irr  ai.; 
Androuen  receptor  e.xoii  I  C.\G  repeat  lenyth  and 
breast  duicer  in  women  before  aye  tarty  years.  J 
Natl  Cancer  Inst. 061.  1999, 

|96|  Ri  nnia  K  TR.  K.wioi  i-  P\V.  Krithisas  K  i-.i  .\i.: 
.Madilii  iitii'ii  III  HRC.  \  Tassociated  breast  cancer 
penetraih  c  bv  the  polymorphic  androyen  receptor 
C.\(l  repeat.  .Am  J  Hum  (ien.  64:  I.UI.  1999. 

[971  liisMW  J.A.  Martin  TJ.  .VIncIntyrt.  I: 
Preseni  c  of  1 .2>-dihvdro.vy  vitamin  I)  receptor  in 
nornitd  iind  abnormal  breast  tissue.  Prog  Biochem 
Pharmacol.  17:  I4.v  I9S(). 

|9S|  Bi  i<\,s  RR.  .S(  III  \i  \Ki-.R  I.Vl.  D.woodi  Fi-.r  ,\i.: 
Vitamin  I)  receptors  in  breast  cancer  cells.  Brea.st 
Cancer  Res  Treat.  s\:  191.  1994. 

(99|  \\  1 1  sii  J:  Induction  ofii/toptosis  in  breast  can¬ 
cer  cells  in  response  to  vitamin  I)  and  antiestroyens. 
Biochem  Cell  Biol.  72:  5.i7.  1994. 

(I()()|  Dwoodi  I-.  Brt.nni-.r  RV.  Evans  SR  in  .\i.: 
Modulation  of  vitamin  I)  receptor  and  estroyen 
receptor  bv  l.2.s(()ll)2-viiamin  !).<  in  1-471)  human 
brea.st  cam  cr  cells.  J  .Steroid  Biochem  Mol  Biol.  54: 
147.  1995. 

1 101 1  Lovi-.-.S(  iiiMT.N  i  i  CD.  (iiii.soN  DF.  T.vtna.m  AV. 
Biki  .t.  DD:  .  \ntiestroyen  potentiation  of  antiprolife¬ 
rative  effects  of  vitamin  l)d  analoyues  in  breast  can¬ 
cer  cells.  Cancer  Research.  56:  2789.  1996. 

1 1021  l-isMAN  JA.  St  VA  IJ.  Siil’R  E  i-T  AI.:  Frequency 
of  1 .25-dihydro\v  vitamin  D.l  receptor  in  human 
breast  <  ancer.  Cancer  Res.  41:5121.  1981. 

|I0.H  Coi.sroN  KW.  Bt;k(;t;r  U.  Cdomuks  RC: 
Possible  role  for  vitamin  D  in  controUiny  breast 
cancer  cell  proliferation.  Lancet.  I:  188,  1989. 

1 1041  F.isman  JA.  SiiVA  LJ.  MAKiiNd  TJ:  Siyni- 
Jicance  of  1.2.^-dihydro.vy  vitamin  l)J  receptor  in 
primary  breast  cancers.  Cancer  Res,  46:  5406. 
1986. 


[  I05|  LUNDIN  AC.  SoDKRKVIST  P.  EriK.S.SON  B  lit  AI.:  I 

Association  of  breast  cancer  proyression  with  a  vita-  t 
min  D  receptor  yene  ptdymorphism.  .South-East  j 
Sweden  Brea.st  Cancer  Group.  Cancer  Res.  59:  | 

2332. 1999.  | 

[1061  Yahushita  H,  Hir.-vta  M,  Nodicni  M.  ; 

NaKANISHI  M:  Vitamin  1)  receptor  in  endometrial  | 

carcinoma  and  the  differentiation-induciny  effect  of 
1 ,25-dihvdro.vy  vitamin  D.l  on  endometrial  carcino¬ 
ma  cell  lines.  J  Obstet  Gynaecol  Res.  22:  529.  1996. 

[ I07|  Dokoh  S.  Donai.dson  CA.  Marion  SL  i-t  ai.: 

The  ovarv:  a  turyet  oryan  for  1.25-dihydro.vy  vita¬ 
min  D3.  Endocrinolgy.  1 12:  200.  198.n 
1 1081  Farrow  DC,  Whi.s.s  NS.  Lyon  JL.  D.m.ino  JR: 
A.s.sociation  of  obesity  and  ovarian  cancer  in  a  case- 
control  .study.  Am  J  Epidemiol.  29:  1300.  1989.  j 

11091  Puoi.  P.  Gai.tikr-Dhrkl'RF.  F.  Brinokr  J: 
Obesity  and  brea.st  cancer  risk.  Hum  Reprod.  IS:  • 

116.1997.  I 

1 1 101  Ht.mt.R  D:  Interrelationships  of  hiyh  fat  diets, 
obesity,  hormones,  and  (  luicer.  Adv  E.\p  Med  Biol. 

3.79:  13.  1996. 

lllll  Cl  I, I  IN  KJ.  Yi-.t.  D.  Rosi.n  .N:  Insulin-like 
yrowth  factors  in  human  maliynancy.  Cancer  Invest. 
6:443.1991. 

11121  B  \l  I  .\RI)-BaRasii  R:  .\nthroponictry  and 
breast  cancer.  Body  si:c-ti  moviny  taiyct.  Cancer. 

74:  1090.  1994. 

11131  Sroi.i.  B.A:  Breast  cani  cr:  further  mctiibolic- 
endocrinc  risk  markers  '.'  Br  .1  Cancer.  76:  1652. 

1997. 

1 1 141  Ri  TANi-N  EM.  .NA  \i  \N  T.  l.i-.moc  iri  \  P  tt  \i.: 
Suppressed  e.vpressitm  ol  insulin-like  yrowth  laetor 
bindiny  protein- 1  mR.\.\  in  the  en<lometriion:  a 
moleeular  mechanism  iis^ociiitiny  endometrial  can¬ 
cer  with  its  risk  factors.  Int  J  Cancer.  59:  307.  1994. 

1 1151  Li-.t:  .W.  Wi-.m;  CN.  J  \i  kson  JH.  Yi  t  D: 
.■\ctivation  of  estroyen  ret  eptor-mediated  yene 
tran.seription  by  IGF-I  in  human  breast  i-aneer  eells. 

J  Endocrinol.  152:  39.  1997. 

11161  Lt:t;  AV.  J.u  KsoN  J(i.  Gooc  n  JL  in  at: 
Enham  ement  if  insulin-like  yrowth  faetor  siynaliny 
in  human  brea.st  cancer:  estroyen  reyulation  ifin.su-  ; 
Tm  receptor  substrate- 1  expression  in  vitro  and  in  * 
vivo.  Mol  Endocrinol.  13:  787.  1999.  | 

1 1 171  Wi;.sti.i:y  BR.  Ci.ayton  SJ.  Daws  .MR  in  at:  } 
Interaetions  between  the  oestroyen  and  insulin-like  • 
yrowth  factor  siynalliny  [lathways  in  the  control  oj 
breast  epithelial  cell  proliferation.  Biochem  Soc 
.Symp.63:  .35.  1998. 

1 1 181  Mi:n<)N  RK.  Si’iiRi.iNii  MA:  Insulin  as  a  j 
yrowth  factor.  Growth  and  Growth  Disorders.  25: 

633.  1996.  ■ 

11191  Pi  (a.ii;si-;  ,A.  Zia.i.i:R  M.  Ftrnandkz  A  et  at: 

The  insulin  yene  is  transcribed  in  the  human  thymus  , 
and  tran.seription  levels  correlated  with  allelic 
variation  at  the  INS  VNTR-IDDM2  sy.sceptihility  : 
locus  for  type  /  diabetes.  Nat  Genet.  15:  293.  1997. 


61 


[1201  Vafiadis  P,  Bknnett  ST,  Todd  JA  et  al: 
Insulin  expression  in  human  thymus  is  modulated  hy 
INS  VNTR  alleles  at  the  IDDM2  locus.  Nat  Genet, 
15:  289.  1997. 

[121]  Paquette  J.  Giannoukaki.s  N.  Polychro- 
NAKOS  C  ET  AU:  The  INS  5'  variable  number  of  tan¬ 
dem  repeats  is  associated  with  IGF2  expression  in 
humans.  J  Biol  Chem.  27.1:  14158.  1998. 

[1221  Stewart  CE.  Rotwein  P:  Growth,  differentia¬ 
tion,  and  survival:  Multiple  physiological  functions 
for  in.siilin-like  !>rowth  factors.  Physiol  Rev.  76: 
1005.  1996. 

[12.11  Westi.ky  BR.  May  FE:  Role  of  insulin-like 
yrowth  factors  in  steroid  modulated  proliferation.  J 
Steroid  Biochem  Mol  Biol.  51:  I.  1994. 

[1241  Khli.ey  km.  Oh  Y.  Garcosky  SE  etal:  In¬ 
sulin-like  yrowth  factor-hindini’  proteins  (IGFBPs) 
and  their  rei’ulatorv  dvnamic.s.  Int  J  Biochem  Cell 
Biol.  28;  619.  1996. 

(1251  N<:  EH.  Ji  CY.  Tan  PH  et  ai,:  ,\ltered  .serum 
levels  of  insulin-like  jtrowth-factor  binding  Proteins 
in  breast  cancer  patients.  Ann  Sur>>  Oncol.  5;  194. 
1998. 

1I26|  Oh  Y:  IGFBFs  and  neoplastic  models.  New 
concepts  for  roles  of  IGFBFs  in  reynlation  of  cancer 
cell yrowtli.  Endocrine.  7:  III.  1997. 

|I27|  Ci  i.i.EN  KJ.  Ai.i.ison  A.  Martire  I  et  ai.: 
Insitlin-like  yrowrh  factor  e.xpression  in  brea.st  can¬ 
cer  epithelinni  and  stroma.  Brea.st  Cancer  Res  Treat. 
22:  21.  1992. 

(I28|  Cl  i.i.e:n  KJ.  Lii’I’man  ME.  Chow  D  et  ae: 
Insultn-like  yrowth  factor-ll  overe.xpression  in 
MC  l‘-7  cells  induces  phenotypic  changes  associated 
with  maliynant  proi^re.ssion.  Molec  Endocr.  6:  91. 
199.1. 

1 1291  Quinn  KA.  Tre.st()n  AM.  Unsvvorth  EJ  et 
.AI.:  Insulin-tike  yrowth  factor  e.xpression  in  human 
cancer  cell  lines.  J  Biol  Chem.  271:  1 1477.  1996. 
|I.10|  RofiiA  RL.  Hii..senhe(  k  SG.  J.ack.son  JG  et 
AI.;  Insutin-like  itrowth  factor  binding  protein-3  and 
insulin  recefuor  substrate- 1  in  breast  cancer:  corre¬ 
lation  with  clinical  parameters  and  di.sease-free  sur¬ 
vival.  Clin  Cancer  Res.  .1;  10.1.  1997. 

11.11 1  Aronica  SM,  Kat/enei-UENHockn  BS:  Sti¬ 
mulation  of  estroyen  receptor-mediated  tran.scrip- 
tion  and  alteration  in  the  phosphorylation  state  of 
the  rat  uterine  estroyen  receptor  hy  estroi’en,  cyclic 
adenosine  monophosphate,  and  insulin-like  i>rowth 
factor-1.  Molee  Endocrinol.  7:  74.1.  199.1. 

|1.12|  KAr/.ENi;i.i.i;NHO(iEN  B.  Norman  MJ:  Multi- 
hormonal  regulation  of  the  proiiesterone  receptor  in 
MCF-7  human  breast  cancer  cells:  interrelations¬ 
hips  amony  insulin/insulin-like  (trowth  factor-1, 
serum,  and  estroyen.  Endocrinolouy.  126:  891. 
1990. 

[1.1.11  Cho  H.  Aronica  S.  Kat/eni-i.i.i-nbooi-n  B.S; 
Regulation  of  proye.sterone  receptor  ifene  e.xpres- 
.sion  in  MCF-7  breast  cancer  cells:  a  comparison  of 


the  effects  of  cyclic  adenosine  3’-5'-monophp.spha- 
te.  estradiol,  insulin-like  f>rowthfacu>r-l  and  .serum  ' 
factors.  Endocrinology.  134:  658,  1994. 

[  1 .141  Hankinson  SE.  Wii.i.ett  WC.  Colditz  GA  et 
au:  Circulating  concentrations  of  insulin-like  }>rowth  ’ 
factor-1  and  ri.sk  ofbrea.st  cancer.  Lancet.  3511 393  ■ 
1998.  '  "i 

[1351  Puymate  SR.  Hoop  RC.  Jone,s  RE.  Matej  LA: 
Regulation  of  sex  hormone -binding  ylohulin  pro¬ 
duction  hy  growth  factors.  Metabolism.  39:  967 
1990. 

[1.161  PuGEAT  M.  Crave  JC.  Ei.midani  M  et  al: 
Pathophysiology  of  sex  hormone  binding  globulin 
iSHBG):  relation  to  insulin,  j  Steroid  Biochem  Mol 
Biol.  40;  841.  1991. 

[1371  McCarty  MF:  Up-regulation  of  IGF  binding 
protein- 1  as  an  anticarcinogenic  strategy:  relevance 
to  caloric  restriction,  exercise,  and  insulin  sensiti¬ 
vity.  Medical  Hypotheses.  48:  297.  1997. 

[1381  Anderson  DC:  .Sex- hormone-binding  globu¬ 
lin.  Clin  Endocrinol.  3:  69.  1974. 

[1.19|  Moore  KH.  Bertra.m  KA.  Gome/  RR  etai.: 
Sex  hormone  binding  globulin  niRNA  in  human 
breast  cancer:  detection  in  cell  lines  and  tumor  sam¬ 
ples.  J  Steroid  Biochem  .Mol  Biol.  59;  297.  1996. 

[1401  Nolan  MK.  Jankowska  L.  Pri.sco  M  et  ai.; 
Differential  roles  of  IRS- 1  and  SHC  signaling  path¬ 
ways  in  breast  cancer  cells.  Int  J  Caiieer.  72:  828. 
1997. 

[1411  Le;e  AV.  Hii.se:.\hi:CK  .SG.  Yi:e  D;  IGF  system 
components  as  prognostic  markers  in  breast  cancer. 
Breast  Cancer  Res  Treat.  47:  295.  1998. 

1 1421  Glia)lCE:  LC:  Growth  factor  action  on  ovarian 
function  in  /tofycystic  ovary  syndrome.  Endocrinol 
Metab  Clin  North  .Am.  28;  32.^.  1999. 

[  1431  Kar.aski  a.  Mi:.\'czer  J.  Pariente;  C.  Kanety 
H;  Insulin-like  growth  factor-l  {IGF-I}  and  IGF- 
binduig  protein-2  are  increased  in  cyst  fluids  of  epi¬ 
thelial  ovarian  cancer,  j  Clin  Endocrinol  Metab.  78: 

271.  1994. 

[1441  WiMAi.ASENA  J.  Meehan  D.  Do.stai.  R  etai.: 
Growth  factors  interact  with  estradiol  and  gonado¬ 
tropins  in  the  regulation  of  ovarian  cancer  cell 
growth  and  growth  factor  receptors.  Oncol  Res.  5: 

325.  199.1. 

[145 1  Nagamani  M.  StIvXRT  CA:  Specific  binding 
and  growth-promoting  activity  of  insulin  in  endome¬ 
trial  cancer  cells  in  culture.  Am  J  Obstet  Gynecol. 

179:  6.  1998. 

[  1461  Ki.einman  D.  Kar.as  M.  Danii.enko  M  etai.: 
Stimulation  of  endometrial  cancer  cel!  growth  hy 
tamoxifen  is  a.x.xociated  with  increased  insulin-like 
growth  factor  (IGF)- 1  induced  tyrosine  phosphory¬ 
lation  and  reduction  in  IGF  binding  proteins. 
Endocrinology.  1.17:  1089,  1996. 

(1471  Ki.einman  D.  Karas  M.  Roberts  CT  et  ai.: 
Modulation  of  insulin-like  growth  factor  /  (IGF-I) 
receptors  and  membrane-as.xociated  IGF-binding 


62 


proteins  in  endometrial  cancer  cells  hy  estradiol. 
Endocrinology.  136:  2531.  1995. 

[148]  Morris  JJ.  Skifthr  E:  The  role  of  aromatic 
hvdrocarhons  in  the  f’enesis  of  breast  cancer.  Med 
Hypotheses.  38:  177.  1992. 

[1491  MacNicoli.  ad.  Ea.sty  GC.  Nkville  AM  ht 
al:  Metabolism  and  activation  of  carcinofienic  po- 
Ivcvclic  hydrocarbons  by  human  mammary  cell.s. 
Biochem  Biophys  Res  Commun.  95:  1599.  1980. 
[1501  C.AVAl.lKRi  N.  RoCiAN  E.  Sinha  D:  Carcino- 
^enicitv  of  aromatic  hydrocarbons  directly  applied 
to  rat  mammary  aland.  J  Cancer  Res  Clin  Oncol, 

114:3.1988.  '  . 

[1511  Mannkrvik  B.  Danikl.son  UH:  Glutathione 
transferases  .structure  and  catalytic  activity.  CRC 
Crit  Rev  Biochem.  23:  281.  1988. 

[1521  H.A.s.si:Tr  C.  Aichkr  L.  Smut:  js.  Omikcinski  CJ: 
Human  microsomal  epoxide  hydmla.se:  ai''^etic  poly¬ 
morphism  and  functional  e.xpre.s.sion  in  vitro  of  ammo 
acid  variants.  Hum  Mol  Genetics,  3:  421.  1994. 

[1531  Ladi-ro  JM.  Biiniti;  J.  Jara  C  i-.r  al. 
Polymorphic  o.xidaiion  of  debrisoiiuine  in  women 
with  breast  cancer.  Oncology.  48:  107.  199K 
|I54|  Woi.i-.  CR.  Smith  CAD.  Goi'ciii  AC  in'  al: 
Relationship  between  the  debrisoiiuine  hydro.xyla.se 
polymorphism  and  cancer  susceplihility.  Caicino- 
iienesis.  l.V  1035.  1992. 

j’l551  PovriN  JE.  Hamli)  H.  Fi-.vn.MAS  IS.  Idll;  JR: 
Cytochrome  P45lklbl  phenotypes  in  malianant  and 
benign  breast  disease.  Eur  J  Cancer.  26:  790.  1990. 

|15hl  Rl-.iiliiCK  TR:  Midecidar  epidemiology  of  the 
human  ylutathione-s-tran.sfera.se  genotypes  CSTMI 


and  GSTTI  in  cancer  sicsceptihility.  Cancer  Epi¬ 
demiology  Biomarkers  &  Prevention.  6:  733.  1997. 
[1571  Ambrosone  DB.  Cole.s  BF.  Freudknheim  JL. 
Shkilds  PG:  Glutathione-S-transferase  (GSTMI) 
genetic  polymorphisms  do  not  affect  human  breast 
cancer  risk,  reitardless  of  dietary  antioxidants.  J 
Nutr.  129S:  565.  1999. 

[1581  Charrikr  j,  Mal'Card  CM.  Le  Mevel  B. 
Bif.NON  YJ:  Allelotype  influence  at  flutathione  S- 
tran.sfera.se  Ml  locus  on  breast  cancer  .susceptibility. 
Br  J  Cancer.  79:  346.  1999. 

(1591  Ambrosone  CB.  Freupenheim  JL.  Graha.vi  S 
ET  al:  Cigarette  sntokinii,  N-acetyltian.xfeiase  2 
iienetic  polymorphi.sm.s.  and  brea.st  cancer  risk. 
JAMA.  276-  1494,  1996. 

[1601  Shields  PG.  Ambrosone  CB.  Graham  S  et 
al:  a  cytochrome  P4502EI  genetic  polymorphism 
and  tobacco  .smokin!.>  in  brea.st  cancer.  Mol  Car- 
cinog.  17:  144.  1996. 

1 16ll  Zhenc  W.  Di;it/.  AC.  Camebeli.  DR  et  al:  N- 

acetx  ltransferase  I  i>enetic  polymorphism,  cigarette 
.smokin;.’.  well-done  meat  intake,  and  brea.st  cancer 
risk.  Cancer  Epidemiol  Biomarkers  Prev.  8:  233. 
1999. 

1 1021  Krontiris  TG.  Devlin  B  it  al;  .\n  as.socia- 
tion  between  the  risk  of  cancer  and  mutations  in  the 
HR.A.SI  minisatellite  locti.s.  New  England  J  Med, 
329:517.199.3. 

1 1631  Phe.lan  cm.  Ri;bbi  (  K  TR.  \Vi;iiE.R  BL  et  al: 
Ovarian  cancer  risk  in  HRCM  carriers  is  modijied 
by  the  HR.  \.SI  variable  number  of  tandem  repeat 
(  VNTR)  locus.  Nature  Genetics.  12:  309.  1996. 


63 


http://breast*cancer-research.com/content/2/2/077 


Commentary 

Founder  populations  and  their  uses  for  breast  cancer  genetics 

Susan  L  Neuhausen 

University  of  Utah  School  of  Medicine,  Salt  Lake  City,  Utah,  USA 


Received:  19  December  1999  Breast  Cancer  Res  2000,  2:77-81 

Accepted;  14  January  2000 

Published;  7  February  2000  electronic  version  of  this  article  can  be  found  online  at 

http://breast*cancer'research.com/content/2/2/077 

^  Current  Science  Ltd 


Abstract 


Numerous  founder  mutations  have  been  reported  in  BRCA1  and  BRCA2.  For  genetic 
screening  of  a  population  with  a  founder  mutation,  testing  can  be  targeted  to  the  mutation, 
allowing  for  a  more  rapid  and  less  expensive  test.  In  addition,  more  precise  estimates  of  the 
prior  probability  of  carrying  a  mutation  and  of  the  likelihood  of  a  mutation  carrier  developing 
cancer  should  be  possible.  For  a  given  founder  mutation  a  large  number  of  carriers  are 
available,  so  that  focused  scientific  studies  of  penetrance,  expression,  and  genetic  and 
environmental  modifiers  of  risk  can  be  performed.  Finally,  founder  populations  may  be  a 
powerful  resource  to  localize  additional  breast  cancer  susceptibility  loci,  because  of  the 
reduction  in  locus  heterogeneity. 

Keywords:  BRCA  1 .  3RCA2.  breast  cancer  genes,  founder  mutations,  genetic  epidemiology 


Introduction 

Ethnic  differences  in  the  prevalences  of  many  diseases 
have  been  observed.  For  example,  sickle-cell  anemia  in 
individuals  of  African  descent.  Tay-Sachs  disease  In 
Ashkenazi  Jews  [1],  and  approximately  30  diseases  in 
Finland  [2]  are  more  prevalent  than  in  other  populations.  A 
likely  reason  for  a  preponderance  of  a  disease  in  a  specific 
population  is  a  founder  effect.  Founder  effects  occur  when 
a  population  is  established  by  a  small  number  of  people  or 
when  a  bottleneck  occurs  that  reduces  the  population  to  a 
small  number.  When  population  expansion  occurs,  the 
mutation  in  a  founder  becomes  prevalent  in  a  larger  pro¬ 
portion  of  the  population.  There  may  also  be  a  selective 
advantage  to  the  mutation  carrier.  By  following  genetic 
relationships  over  many  generations,  the  significance  of 
founder  effects  can  be  studied.  Diamond  and  Rotter  [3| 
reviewed  studies  of  the  Afrikaner  population  of  South 
Africa,  in  1652.  one  founding  immigrant  carried  a  gene  for 
Huntington’s  chorea  and  one  brother-sister  pair  carried  a 
gene  for  lipoid  proteinosis.  The  result  of  founder  effects  is 


that  these  diseases  are  more  common  in  South  Africa 
than  in  Holland  from  where  the  carriers  emigrated. 

Founder  populations  can  be  useful  in  genetic  studies^  par¬ 
ticularly  for  genetic  mapping  of  complex  traits.  There  is 
little  genetic  heterogeneity,  so  that  the  majority  of  individu¬ 
als  with  disease  will  carry  the  same  gene  mutation. 
Linkage  disequilibrium  between  the  site  of  the  gene  and 
close  markers  will  exist,  so  that  shared  regions  of  the 
genome  cosegregating  with  disease  can  be  more  readily 
discerned.  As  an  example,  Hirschprung’s  disease  has 
been  described  in  individuals  of  many  different  back¬ 
grounds.  Using  a  Mennonite  population,  in  which  all 
affected  individuals  could  be  traced  to  a  single  common 
ancestral  couple,  one  of  the  genes  for  the  disease  was 
localized  and  subsequently  identified  [4]. 

Once  founder  mutations  are  identified,  researchers  are 
able  to  examine  prevalence  of  mutations  in  different  popu¬ 
lations  and  mutation-specific  effects  on  penetrance  and 
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disease  phenotype.  Possibly,  better  estimates  of  risk  for 
individuals  in  populations  with  founder  mutations  can  be 
calculated.  This  editorial  focuses  on  founder  populations 
in  genetic  studies  of  breast  cancer. 

Prevalence  of  mutations  in  BRCA1  and  BRCA2 

BRCA  1  and  BRCA2.  two  genes  predisposing  to  breast 
and  ovarian  cancers,  were  isolated  in  1994  and  1995, 
respectively  [5,6].  Since  that  time,  researchers  have  been 
screening  for  mutations  in  high-risk  breast  and/or  ovarian 
cancer  families  and  in  population-based  samples  of 
women  with  these  cancers  to  determine  the  prevalence 
and  range  of  mutations.  Over  1300  distinct  variants  have 
been  found  across  all  population  groups,  of  which  approxi¬ 
mately  700  are  identified  as  causal  [7,8].  A  number  of 
these  mutations  have  been  identified  multiple  times  [8]. 
Many  of  these  common  mutations  have  been  classified  as 
founder  mutations  on  the  basis  of  a  shared  haplotype  in 
the  genomic  region  containing  the  gene.  Founder  muta¬ 
tions  for  BRCA1  and  BRCA2  have  been  described  in 
numerous  populations  (Table  1).  as  well  as  across  popula¬ 
tions.  For  example.  BRCA  1  5382insC  has  been  reported 
in  individuals  of  Jewish.  Dutch.  Lithuanian.  Russian.  Hun¬ 
garian,  Germanic.  French,  Italian.  British,  and  French- 
Canadian  ancestry  [8].  This  suggests  that  this  is  a  rela¬ 
tively  old  mutation  that  has  spread  through  migration. 

Relative  ages  of  several  founder  mutations  have  been 
investigated  by  examining  the  distance  over  which  haplo- 
types  are  conserved  [9. 1 0].  Based  on  the  general  age  of  a 
mutation  and  historic  data  on  migration  and  social  pat¬ 
terns.  the  origin  and  subsequent  migration  of  specific 
mutations  may  be  described.  Now  that  a  large  number  of 
mutation  earners  have  been  identified  the  Breast  Cancer 
Linkage  Consortium  is  undertaking  such  a  study  for  a  set 
of  founder  mutations. 

Assessment  of  risk 

Genetic  screening 

Since  the  isolation  of  BRCA  1  and  BRCA2,  genetic  testing 
for  mutations  is  becoming  more  common  in  clinical  genetic 
practice.  Important  considerations  are  who  should  be  offered 
predictive  testing  and  when  it  should  be  done.  In  general, 
mutations  in  BRCA  1  and  BRCA2  are  rare,  probably 
accounting  for  less  than  5%  of  breast  cancers  and  1 0%  of 
ovarian  cancers  in  the  population  [1 1,12).  The  frequency  of 
BRCA  1  and  BRCA2  mutation  earners  in  women  with  breast 
and/or  ovarian  cancer  is  dependent  on  the  study  population, 
and  is  highest  m  young  women  with  breast  cancer  who  have 
a  strong  family  history  of  breast  and/or  ovarian  cancers.  An 
essential  issue  for  testing  is  the  probability  that  an  individual, 
with  breast  or  ovarian  cancer  or  with  a  family  history  of 
cancer,  will  carry  a  mutation  m  BRCA  1  or  BRCA2.  Probabil¬ 
ity  models  have  been  developed  to  predict  the  likelihood  of 
being  a  mutation  carrier  before  testing  [13-16].  Prior  proba¬ 
bilities  vary  depending  on  the  model  used. 


Table  1 


Examples  of  BRCA  1  and  BRCA2  ioxix\6ef  mutations 


Population 

Mutation 

Referenci 

African-Americans 

BRCA1  943jns10 

BRCA!  M1775R 

[40,41] 

Ashkenazi  Jews 

BRCA  1  1  SSdelAG 

BRCA1  5382insC 

BRCA2  6174delT 

[31.34,38 

Belgians 

BRCA  1  IVSo  +3A>G 

[42] 

Dutch 

BRCA  1  2804delAA 

BRCA1 IVS  21-36del510 

BRCAUVS  12-1643  del3835 

BRCA2  5573msA 

[17,43] 

Finns 

BRCAl  3745delT 

BRCA  7  IVS  11  -2  A>G 

BRCA2  999del5 

BRCA2  IVS23-2A>G 

[27] 

French-Canadians 

BRCA  1  R 1 443X 

BRCA2  8765delAG 

[39.44] 

Germans 

BRCAl  5382insC 

BRCAl  C6IG 

[45] 

Icelanders 

BRCA2  999del5 

[28] 

Latvians 

BRCA  7  C6lG 

BRCAl  5382msC 

BRCA  1  4 1 53delA 

[46] 

Norwegians 

BRCAl  1675delA 

BRCA  1  1 1 35insA 

[47-49] 

Russians 

BRCA  1  5382insC 

BRCAl  4t53delA 

[50] 

Swedes 

BRCA  1  Q563X 

BRCAl  3166ins5 

BRCA  1  1 20 1  del  1 1 

BRCA  1  2594delC 

BRCA2  4486delG 

[51] 

For  genetic  testing,  there  are  several  advantages  to 
knowing  the  founder  mutation(s)  in  a  population.  First,  a 
more  accurate  estimate  of  the  prior  probability  of  carrying  a 
mutation  should  be  possible.  Second,  for  mutation  detec¬ 
tion.  testing  can  be  targeted  to  the  founder  mutation,  allow¬ 
ing  for  a  more  rapid  and  less  expensive  test.  Third,  most  of 
the  mutation  detection  techniques  are  unable  to  detect 
large  deletions  and  insertions,  so  that  these  types  of  muta¬ 
tions,  which  may  account  for  5-15%  of  deleterious  muta¬ 
tions.  would  be  undetected.  If  one  of  these  mutations  is 
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known  in  the  population,  however,  a  technique  that  detects 
it  can  be  used  for  mutation  screening.  For  instance,  there 
are  two  large  deletion  founder  mutations  in  the  Dutch  that 
would  not  be  detectable  with  standard  techniques  [1  7]. 

Age-specific  penetrance 

Once  an  unaffected  mutation  carrier  is  identified,  the 
question  becomes  what  is  the  likelihood  that  she  will 
develop  cancer  by  a  given  age  (age-specific  penetrance). 
It  is  especially  difficult  to  answer  because  not  all  factors 
that  contribute  to  the  development  of  cancer  are  known.  A 
proportion  of  individuals  who  carry  mutations  will  not 
develop  breast  cancer  or  any  other  cancer.  On  the  basis 
of  estimates  from  population-based  studies  of  women 
aged  40  years  or  younger  to  estimates  from  high-inci¬ 
dence  breast  cancer  families  of  Northern  European 
descent,  the  cumulative  risk  of  breast  cancer  by  age  70 
years  for  BRCA 1  and  BRCA2  mutation  carriers  is 
between  40  and  80%  [18-20].  Mutation-specific  differ¬ 
ences  may  also  be  important.  There  are  regions  in  BRCA  1 
and  BRCA2  in  which  mutations  confer  higher  risks  for 
developing  ovarian  cancer:  5'  of  codon  1435  in  exon  13 
of  BRCA1  [21]  and  a  3.3  kilobase  region  of  exon  11  in 
BRCA2  (denoted  the  Ovarian  Cancer  Cluster  Region) 
[22].  It  IS  unclear  whether  the  differences  in  risk  for  ovarian 
cancer  are  due  to  a  difference  in  penetrance  of  the  muta¬ 
tions  for  breast  cancer  or  ovarian  cancer,  or  both.  For 
BRCA2,  It  has  been  suggested  that  the  breast  cancer  risk 
remains  the  same,  but  that  the  ovarian  cancer  risk 
increases  [20].  Expression  is  also  variable  [23J.  In  a  popu¬ 
lation  with  a  defined  founder  mutation(s).  more  accurate 
assessment  of  the  likelihood  of  developing  cancer  for  a 
mutation  carrier  should  be  possible. 

Founder  mutations 

BRCAIan^  BRCA2 

An  example  of  a  recurrent,  founder  mutation  is  the  BRCA2 
999del5  mutation  in  the  Icelandic  population.  No  other 
BRCA2  mutations  have  been  reported  in  this  population. 
The  999del5  is  approximately  20  times  more  prevalent 
(0.6%)  [24]  than  the  estimated  allele  frequency  of  BRCA2 
in  the  general  worldwide  Caucasian  population  [25].  This 
mutation  with  the  same  haplotype  was  also  found  in 
Finland  [26,27].  In  Iceland,  it  was  the  cause  of  female 
breast  cancer  in  the  majority  (76%)  of  21  high-risk  breast 
cancer  families  studied  [28].  In  nine  of  those  16  families, 
male  breast  cancer  was  also  present  [28].  In  632  Ice¬ 
landic  breast  cancer  cases  unselected  for  a  family  history, 
7.7%  of  female  breast  cancer  diagnosed  at  any  age  and 
24%  of  those  diagnosed  at  age  40  years  or  younger 
carried  the  BRCA2  999dei5  mutation  [24].  This  mutation 
IS  also  responsible  for  a  proportion  of  prostate  cancer,  as 
It  accounted  for  3.1%  (in  two  out  of  65  individuals)  of 
prostate  cancer  cases  in  a  population-based  series  of 
cases  [29].  Because  this  is  the  only  BRCA2  mutation 
found  in  Iceland,  genetic  testing  can  be  targeted  to  this 


mutation.  Second,  because  there  are  a  large  number  of 
individuals,  both  symptomatic  and  asymptomatic,  who 
carry  this  mutation,  it  may  be  possible  to  develop  more 
accurate  risk  estimates  for  mutation  carriers.  Age-specific 
penetrance  has  been  calculated  to  be  17%  by  age  50 
years  and  37.2%  by  age  70  years  [30].  This  is  a  lower  fre¬ 
quency  than  that  reported  in  other  studies  of  BRCA  1  and 
BRCA2  penetrance. 

Three  founder  mutations  have  been  observed  in  Ashkenazi 
Jewish  breast  and  ovarian  cancer  patients.  The  BRCA2 
61  74delT  mutation  has  been  seen  only  in  Ashkenazi  Jews 
[31],  with  a  frequency  of  0.9-1. 5%  [32,33].  The  founder 
BRCA  1  1 85deiAG  mutation,  with  a  frequency  of 
0.8-1. 1%  in  Ashkenazi  Jews  [32,34],  is  also  observed  in 
Sephardic  Jews,  indicating  an  older  origin.  The  1 85de!AG 
mutation  has  also  been  observed  in  individuals  of  English 
origin  but  on  a  different  haplotype.  which  suggests  a  dif¬ 
ferent  origin.  The  third  founder  mutation,  BRCA1 
5382insC.  has  a  frequency  of  0.13-0.3%  in  Ashkenazi 
Jews.  The  5382insC  mutation  is  observed  in  many  popula¬ 
tions.  and  the  vast  majority  of  carriers  share  the  same  core 
haplotype  (Szabo  C.  personal  communication).  The  popu¬ 
lation  prevalences  for  these  three  mutations  combined  is 
2-2.5%  [32-34],  which  is  approximately  10-50  times 
higher  than  the  allele  frequency  in  the  general  population. 
Few  other  BRCA  1  or  BRCA2  mutations  have  been  identi¬ 
fied  in  Jewish  breast  or  ovarian  cancer  cases.  In  this  popu¬ 
lation,  approximately  30%  of  breast  cancers  diagnosed  at 
less  than  40  years  of  age  and  39%  of  ovarian  cancers 
diagnosed  at  less  than  50  years  of  age  are  caused  by 
these  mutations  [35.36].  Thus.  Ashkenazi  Jewish  women 
with  breast  or  ovarian  cancers  have  a  much  higher  proba¬ 
bility  than  non-Jewish  women  of  being  BRCA1  or  BRCA2 
mutation  carriers.  Because  these  mutations  are  so 
common  in  Ashkenazi  Jewish  women,  they  are  commonly 
tested  as  a  panel,  regardless  of  whether  a  mutation  has 
already  been  identified  in  a  family  member.  A  woman  may 
carry  a  second  mutation  not  present  in  the  first  family 
member  tested  and,  by  testing  the  panel,  it  is  detected. 
Without  knowledge  of  the  founder  mutations,  a  false-neg¬ 
ative  test  result  for  an  individual  with  a  mutation-specific 
test  could  result. 

Even  among  families  with  founder  mutations,  there  appear 
to  be  differences  in  age  of  onset  of  cancer  and  in  the  type 
of  cancers  that  develop  [28,37-39].  This  suggests  that 
there  are  both  genetic  and  lifestyle  factors  that  modify 
penetrance  of  BRCA  1  and  BRCA2.  By  studying  a  cohort 
of  individuals  with  the  same  mutation,  one  may  be  able  to 
distinguish  factors  that  affecting  penetrance,  because 
there  will  not  be  a  confounding  effect  from  genotype-phe¬ 
notype  correlations  from  location  of  the  BRCA  1/BRCA2 
mutation  in  the  individual.  Once  a  risk  factor  is  identified  in 
one  subgroup  of  mutation  carriers  it  would  need  to  be 
tested  across  other  mutation  earners.  Subsequently,  it 
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would  need  to  be  tested  in  a  population-based  case- 
control  study,  in  order  to  determine  how  important  the  risk 
factor  is  in  the  general  population. 

Other  genes 

BRCA 1  and  BRCA2  mutations  are  certainly  important 
determinants  of  risk  for  breast  and/or  ovarian  cancers,  but 
they  are  not  the  only  ones.  Many  women,  who  have  a 
family  history  of  breast  and/or  ovarian  cancer  and  do  not 
have  a  BRCA1  or  BRCA2  mutation,  may  have  a  mutation 
in  undiscovered  genes.  After  accounting  for  BRCA  1  and 
BRCA2.  Peto  et  a!  [12]  suggested  that  there  are  several 
other  genes,  possibly  of  lower  risk,  that  account  for  a  pro¬ 
portion  of  breast  cancers.  This  complexity  makes  localizing 
additional  genes  problematic.  Studying  families  identified 
from  populations  in  which  there  are  likely  to  be  founder 
mutations  may  be  extremely  useful  for  localizing  additional 
genes.  For  example,  in  Iceland  researchers  may  have  been 
able  to  localize  BRCA2  by  studying  male  breast  cancer 
cases  from  high-risk  families  and  looking  for  regions  of  the 
genome  with  excess  sharing.  Researchers  have  sug¬ 
gested  studying  high-risk  Ashkenazi  Jewish  breast  cancer 
families  that  do  not  have  a  BRCA  1  or  BRCA2  mutation  in 
order  to  localize  BRCA3.  Localization  will  be  promoted  by 
minimizing  the  effects  of  genetic  heterogeneity. 

Conclusion 

Founder  mutations  allow  for  focused  scientific  studies  of 
penetrance,  expression,  and  genetic  and  environmental 
modifiers  of  risk.  The  results  from  these  studies  may  be 
very  useful  for  understanding  the  role  that  these  genes 
play  in  the  incidence  of  breast  cancer  in  order  to  target 
genetic  testing,  to  provide  individual  risk  assessment,  and 
to  design  better  therapeutic  strategies.  Localization 
studies  to  find  BRCA3,  using  founder  populations,  may  be 
more  successful  than  traditional  linkage  studies,  which 
have  not  yet  yielded  positive  localization  results.  These 
types  of  studies,  utilizing  founder  populations  and  muta¬ 
tions.  are  not  unique  to  breast  cancer  genetics,  and  are 
being  used  successfully  to  understand  other  diseases. 
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ABSTRACT 

Genetic  testing  for  mutations  in  BRCAl  and  BRCA2^  two  genes  predisposing  to  breast  and  ovarian  cancers, 
is  available  to  women  with  a  relevant  family  history.  The  aim  of  this  study  was  to  estimate  the  positive 
and  negative  predictive  value  of  clinical  sequence  analysis  of  these  genes.  A  reference  graph  showing  positive 
and  negative  predictive  values  over  a  range  of  pre-test  risk  was  derived,  taking  into  account  the  sensitivity 
and  specificity  of  a  full-sequence  analysis  test.  High  positive  and  negative  predictive  values  were  found  for 
women  with  pre-test  risk  between  4%  and  40%,  a  range  of  risk  commonly  seen  in  clinical  testing.  The  pre¬ 
dictive  value  of  full  sequence  and  single-site  analysis  of  BRCAl  and  BRCA2^  therefore,  compares  favorably 
with  other  diagnostic  medical  tests.  Our  results  provide  a  numerical  estimate  of  the  predictive  value  of  BRCA 
testing,  and  as  such,  provide  a  valuable  tool  to  healthcare  providers  and  families  as  they  interpret  BRCAl 
and  BRCA2  test  results. 


INTRODUCTION 

Advances  in  molecular  biology  have  led  to  the  develop¬ 
ment  of  numerous  genetic  tests,  but  for  these  to  be  ap¬ 
plicable  in  a  clinical  setting,  it  is  important  to  carefully  develop 
guidelines  for  selecting  those  patients  most  likely  to  benefit. 
This  requires  an  assessment  of  the  pre-test  probability  that  an 
individual  carries  a  deleterious  mutation,  and  sufficient  infor¬ 
mation  so  that  health  care  workers  are  able  to  interpret  the  mean¬ 
ing  of  a  positive  or  negative  result. 

There  are  more  than  175,000  new  cases  of  breast  cancer  and 
24,000  cases  of  ovarian  cancer  each  year  in  the  United  States. 
Approximately  43,000  women  die  of  breast  cancer  annually 
(American  Cancer  Society,  1998).  Mutations  in  BRCAl  (Miki 
et  al,  1994)  and  BRCA2  (Wooster  et  ai,  1995;  Tavtigian  et  ai, 
1996)  are  believed  to  account  for  approximately  5-10%  of 
breast  and  ovarian  cancer  cases  (Claus  et  al,  1996;  Ford  et  al, 
1998).  Although  mutations  are  rare  (Ford  et  al,  1995;  Peto  et 
ai,  1999),  and  risk  estimates  vary,  female  mutation  carriers  face 
up  to  an  87%  risk  of  breast  cancer  and  a  44%  risk  of  ovarian 
cancer  by  age  70  years  (Ford  et  aL,  1994,  1998;  Struewing  et 
aL,  1997;  Hopper  et  al,  1999). 

Genetic  tests  are  currently  available  to  women  with  evidence 
of  a  family  history  of  breast  and/or  ovarian  cancers,  to  deter¬ 


mine  whether  they  carry  deleterious  mutations  in  BRCAl  or 
BRCAl  (Myriad  Genetics  Inc.,  1996;  Nelson,  1996).  In  the  cur¬ 
rent  study,  we  explore  the  interpretation  of  genetic  testing  in 
BRCAl  and  BRCAl,  in  which  the  full  sequence  of  the  protein¬ 
coding  regions  and  adjoining  noncoding  regions  of  these  genes 
is  examined. 


MATERIALS  AND  METHODS 

Risk  estimates 

To  provide  examples  of  prior  probability  estimates  for  a 
sample  of  family  histories,  the  model  described  in  Frank  et 
aL  (1998)  was  applied.  This  model  was  obtained  by  logistic 
regression  analysis  applied  to  data  from  238  women  with  ei¬ 
ther  breast  cancer  before  age  50  years  or  ovarian  cancer  at  any 
age,  and  at  least  one  first-  or  second-degree  relative  with  ei¬ 
ther  diagnosis.  The  dichotomous  variables  retained  in  the  fi¬ 
nal  model  were:  presence  of  a  relative  with  ovarian  cancer; 
presence  of  a  relative  with  male  breast  cancer;  bilateral  can¬ 
cer  in  the  consultand;  breast  cancer  below  age  40  years  in  the 
consultand;  and  below  age  50  years  in  one  relative.  The  re¬ 
sults  are  shown  in  Table  1. 
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Table  1.  Examples  of  Positive  and  Negative  Predictive  Values  of  Full-Sequence  Analysis 
OF  BRCAl  and  BRCA2  for  Women  over  a  Range  of  Pre-Test  Risk^ 


Consul  tand 

Family  history' 

Pre-test 

probability 

PPV 

NPV 

Woman  with  breast  cancer, 
dx  <  50  yr 

One  relative  with  breast  cancer, 
dx  <  50  yr 

0.25 

0.98 

0.95 

Woman  with  breast  cancer, 
dx  <  50  yr 

One  relative  with  ovarian  cancer 

0.35 

0.98 

0.92 

Woman  with  breast  cancer, 
dx  <  50  yr 

One  relative  with  breast  cancer, 
dx  <  50  yr 

0.40 

0.99 

0.91 

Woman  with  breast  cancer, 
dx  <  50  yr 

One  relative  with  either  breast 
cancer  dx  <  50  yr,  or  ovarian  cancer 

0.59 

0.99 

0.82 

Woman  with  breast  cancer 
dx  <  50  yr,  with  bilateral 

BC  or  ovarian  cancer 

One  relative  with  ovarian  cancer 

0.71 

0.99 

0.73 

Woman  with  breast  cancer 
dx  <  40  yr,  with  bilateral 

BC  or  ovarian  cancer 

One  relative  with  ovarian  cancer 

0.89 

1.00 

0.45 

^Pre-test  risks  were  calculated  using  the  model  of  Frank  et  al  (1998). 


Evaluation  of  the  genetic  test 


Software 


A  Bayesian  approach  was  applied  to  derive  the  positive  pre¬ 
dictive  value  (PPV)  and  negative  predictive  value  (NPV)  of 
BRCA  testing  (Galen  and  Gambino,  1975).  Sensitivity  is  the 
probability  of  a  positive  test  in  a  mutation  carrier;  specificity  is 
the  probability  of  a  negative  result  in  a  person  who  is  mutation- 
free.  Sensitivity,  specificity,  and  the  individual’s  pre-test  prob¬ 
ability  of  carrying  a  mutation  are  required  for  the  calculations. 
The  pre-test  probability  is  the  prior  probability  of  interest.  It  is 
the  conditional  probability  of  a  mutation  in  BRCA]  or  BRCAl, 
given  family  history  and  age  at  diagnosis. 

The  calculations  are  shown  below,  where  p  is  the  pre-test 
probability  of  a  deleterious  mutation,  5  is  the  clinical  sensitiv¬ 
ity  of  the  test,  and  E  is  the  clinical  specificity  of  the  test. 


PPV  = 


_ W _ 

5  •/?  +  (1  -  F)  •  (1  -  p) 


(Eq.  1) 


NPV  = 


E-  {[  -  p) 

F-(I  “p)  +  (l  -5)-p 


(Eq.  2) 


Mutations  in  BRCAl  and  BRCAl  were  analyzed  by  dye- 
primer  sequencing  as  described  in  Frank  et  al  (1998).  They 
were  considered  deleterious  if  they  resulted  in  a  premature  stop 
codon,  an  amino  acid  substitution  in  a  functional  domain,  or  if 
they  caused  aberrant  splicing.  It  is  estimated  that  5-15%  of  dele¬ 
terious  BRCA  mutations  may  be  due  to  large  deletions  that  are 
not  detected  by  dye-primer  sequencing.  In  the  absence  of  a 
known  mutation  in  the  family,  the  clinical  sensitivity  of  the  full 
sequence  analysis  assay  was,  therefore,  estimated  to  be  0.85. 
Clinical  specificity  was  assumed  to  be  >0.9995,  because  all 
positive  results  are  repeated  by  the  laboratory  for  confirmation, 
and  the  laboratory’s  validation  studies  have  determined  that  the 
analytical  specificity  of  the  dye-primer  sequencing  method  ap¬ 
proaches  1. 

A  curve  was  plotted  to  show  the  relationship  between  prior 
risk  of  mutation  and  predictive  value  across  the  whole  spec¬ 
trum  of  risk  (Fig.  1).  A  look-up  table  was  also  created  for  ref¬ 
erence  (Table  2). 


Splus  2000  (Mathsoft  Inc.,  Seattle,  WA)  was  used  to  gener¬ 
ate  the  predictive  value  curves. 


RESULTS 

Table  1  illustrates  the  PPV  and  NPV  for  individuals  with  a 
range  of  family  history  information,  as  taken  from  Frank  et  al 
(1998).  Patients  with  a  prior  probability  of  25%  of  carrying  a 
deleterious  mutation  have  a  greater  than  99%  chance  of  having 
a  mutation  in  BRCA!  or  BRCAl,  if  their  test  result  is  positive. 
A  negative  test  in  such  an  individual  rules  out  the  presence  of 
a  mutation  with  greater  than  95%  certainty.  For  higher  prior 
probabilities,  the  PPV  of  the  test  increases  toward  100%. 

If  the  prior  probability  of  a  mutation  is  high,  however,  the 
NPV  decreases.  For  example,  a  negative  test  result  for  a  patient 
with  71%  pre-test  probability  of  carrying  a  mutation  should  be 
interpreted  with  caution.  The  patient  still  has  a  27%  probabil¬ 
ity  of  carrying  a  mutation.  Nevertheless,  her  probability  of  be¬ 
ing  mutation-free  has  risen  from  29%  to  73%.  Figure  1  shows 
how  predictive  value  varies  across  the  spectrum  of  prior  risk 
and  values  are  tabulated  in  Table  2. 


DISCUSSION 

The  primary  concern  in  the  evaluation  of  any  screening  test 
is  the  occurrence  of  false-negative  results,  leading  to  inappro¬ 
priate  reassurance,  and  false-positive  results,  leading  to  unnec¬ 
essary  anxiety  and  treatment.  American  Society  of  Clinical  On¬ 
cology  (ASCO)  guidelines  suggest  that  genetic  testing  be 
considered  for  individuals  with  a  prior  probability  of  greater 
than  10%  of  carrying  a  deleterious  mutation  (ASCO,  1996).  For 
individuals  with  prior  risk  in  the  10-40%  range,  full  sequence 
analysis  gives  PPV  and  NPV  greater  than  0.99  and  0.90,  re¬ 
spectively.  Sequence  analysis  of  BRCAl  and  BRCAl  in  the.se 
individuals  is  therefore  an  accurate  indication  of  mutation 
status. 


PREDICTIVE  VALUE  OF  BRCAl  AND  BRCA2  MUTATION  TESTING 
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FIG.  1.  Positive  and  negative  predictive  values  of  full- 
sequence  analysis  of  BRCAl  and  BRCAl.  The  positive  (solid 
line)  and  negative  (dashed  line)  predictive  values  are  shown  for 
a  positive  and  negative  test  result,  respectively,  for  a  full  se¬ 
quence  BRCA  test  in  an  individual  whose  family’s  mutation  sta¬ 
tus  is  unknown.  These  curves  are  based  on  an  assumed  sensi¬ 
tivity  of  full  sequence  analysis  of  85%  and  a  specificity  of 
99.95%  (see  text  for  details).  For  individuals  whose  pretest 
probability  of  a  mutation  is  between  10  and  40%,  the  predic¬ 
tive  value  of  both  positive  and  negative  tests  are  high.  For  an 
individual  whose  pretest  probability  of  mutation  exceeds  50%, 
a  positive  test  can  be  interpreted  with  absolute  confidence,  Le,, 
the  individual  has  the  mutation.  A  negative  test  in  such  an  in¬ 
dividual  leaves  open  the  possibility  that  there  may  be  an  in¬ 
herited  familial  mutation  not  detected  by  the  test. 


The  predictive  value  of  BRCAl  and  BRCAl  analysis  is  even 
greater  for  relatives  of  known  mutation  carriers  who  are  tested 
only  for  the  mutation  carried  by  their  relative.  Clearly,  any  close 
relative  of  a  known  mutation  carrier  has  a  substantial  pre-test 
probability  of  carrying  the  same  mutation,  and  in  our  experi¬ 
ence,  over  48%  of  them  test  positive.  The  clinical  and  analyti¬ 
cal  sensitivity  and  specificity  are  greater  than  0.99  for  a  previ¬ 
ously  characterized  mutation,  making  full  sequence  analysis  a 
highly  effective  tool  for  these  cases. 

Another  group  with  elevated  risk  consists  of  women  of 
Ashkenazi  descent.  Three  mutations  (BRCAl  185delAG  and 
5382insC,  and  BRCAl  6l74deIT)  account  for  the  majority  of 
all  those  found  in  this  group.  BRCAl  185delAG  is  found  in 
20%  of  Ashkenazi  Jewish  women  with  breast  cancer  diagnosed 
before  age  42  years,  and  BRCAl  6l74delT  accounts  for  8%  of 
cases  (Neuhausen  et  al,  1996;  Offit  et  ai,  1996).  In  a  clinical 
laboratory  study  of  Ashkenazi  women  with  breast  cancer  diag¬ 
nosed  at  less  than  50  years  of  age,  37%  of  those  with  a  family 
history  of  breast  cancer  in  relatives  developing  breast  cancer 
before  age  50  years,  and  13%  of  those  with  no  family  history 
of  breast  cancers  in  relatives  before  age  50  or  ovarian  cancer 
at  any  age,  were  found  to  carry  one  of  these  three  common  mu¬ 
tations  (data  posted  at  http://www.myriad.com/gtpro.htmI). 
This  is  a  group  for  which  relatives  of  known  carriers  should  be 


tested  for  all  three  predisposing  mutations,  not  just  the  one 
found  in  their  relative.  Despite  their  elevated  risk,  however, 
these  women  still  fall  within  a  range  for  which  testing  has  strong 
positive  and  negative  predictive  power.  The  remaining  clinical 
subgroups  have  a  lower  prevalence  of  mutations  and  the  same 
test  characteristics  apply. 

Although  we  have  used  the  model  of  Frank  et  al  (1998)  to 
derive  estimates  of  the  prior  risk  of  mutation,  our  approach  is 
applicable  to  other  available  models.  Shattuck-Eidens  et  al 
(1997)  used  logistic  regression  analysis  to  show  that  age,  eth¬ 
nicity,  diagnosis,  and  family  history  are  all  significant  factors 
in  determining  a  woman’s  risk  of  carrying  a  deleterious  muta¬ 
tion  in  BRCAL  Couch  et  al  (1997)  also  developed  a  predictive 
model  to  determine  the  odds  that  a  woman  carries  a  mutation 
in  BRCAL  based  on  family  history.  Berry  etal  (1997)  derived 
similar  results  in  relation  to  BRCAL  and  proposed  a  modifica¬ 
tion  to  take  into  account  the  likely  effects  of  BRCAl.  They 
found  that  the  number  and  relationships  of  unaffected  relatives, 
together  with  their  current  ages  or  ages  at  death,  were  also  crit¬ 
ical  determinants  of  carrier  probability.  This  model  would  be 
expected  to  give  higher  prior  probability  estimates  than  those 
of  Frank  et  al  (1998),  because  it  is  based  on  any  deleterious 
changes,  not  just  those  detected  by  sequence  analysis.  Never¬ 
theless,  as  shown  in  Table  2,  modest  changes  in  the  estimate  of 
prior  risk  do  not  alter  the  conclusion  that  sequence  analysis  has 
high  positive  and  negative  predictive  values  for  most  patients 
studied. 

With  the  information  in  this  analysis,  health  care  workers 
can  counsel  patients  about  their  individual  risk  following  test¬ 
ing  for  mutations  in  BRCAl  and  BRCAl  in  a  clinical  setting. 
This  may  help  to  dispel  misconceptions  about  the  meaning  of 
positive  or  negative  tests  in  certain  individuals.  Although  it  does 
require  an  assessment  of  prior  risk  for  each  individual,  the  re¬ 
sult  is  a  meaningful  interpretation  of  the  genetic  testing  results. 


Table  2.  Positive  and  Negative  Predictive  Values 
OF  Full-Sequence  Analysis  of  BRCAl  and  BRCAl, 
in  the  Absence  of  a  Known  Mutation  in  the 
Family,  for  a  Range  of  Prior  Probabilities 


Pre-test 

probability 

Positive 

predictive  value 

Negative 
predictive  value 

0.05 

0.90 

0.99 

0.10 

0.95 

0.98 

0.15 

0.97 

0.97 

0.20 

0.98 

0.96 

0.25 

0.98 

0.95 

0.30 

0.99 

0.94 

0.35 

0.99 

0.92 

0.40 

0.99 

0.91 

0.45 

0.99 

0.89 

0.50 

0.99 

0.87 

0.55 

1.00 

0.84 

0.60 

1.00 

0.82 

0.65 

1.00 

0.78 

0.70 

1.00 

0.74 

0.75 

1.00 

0.69 

0.80 

l.OO 

0.64 

0.85 

1.00 

0.54 

0.90 

1.00 

0.42 

0.95 

1.00 

0.26 
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This  will  permit  patients  and  health  care  workers  to  make  bet¬ 
ter-informed  decisions  as  to  how  to  proceed. 
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Breast  Cancer  Study  Male  Questionnaire  (24  pages) 
Breast  Cancer  Study  Female  Questionnaire  (22  pages) 


FOR  OFFICE  USE  ONLY 

Kindred:  _ ^ _  Kid: 

GID:  _ ^ _ 


BREAST  CANCER  STUDY 
MALE  QUESTIONNAIRE 


Conducted  by  the  Department  of  Medical  Informatics 
Genetic  Epidemiology 
University  of  Utah  Health  Sciences  Center 
Salt  Lake  City,  UT  84108 
(801)  581-5070 


Dear  Participant: 


Thank  you  for  participating  in  our  research.  The  purpose  of  this  study  is  to  investigate 
certain  elements  that  may  increase  a  person’s  risk  for  cancer .  It  is  being  conducted  by  the 
University  of  Utah  and  has  been  funded  by  the  National  Institutes  of  Health. 

The  questionnaire  begins  with  general  information  and  then  moves  on  to  questions  about 
your  medical  history,  reproductive  history,  hormone  usage,  and  social  factors.  Some 
questions  require  you  to  recall  events  that  happened  in  the  past.  Think  about  them 
carefully  and  answer  them  as  best  you  can.  You  do  not  have  to  answer  every  question  if 
you  are  not  comfortable  in  doing  so.  Every  question  answered  will  contribute  to  our 
research. 


The  information  you  give  us  in  this  questionnaire  will  be  treated  with  care.  All  names 
and  responses  will  be  kept  confidential  and  used  for  research  purposes  only.  Please 
return  this  questionnaire  in  the  pre-addressed,  postage-paid  envelope  provide'd.  If  you 
have  any  questions  about  the  questionnaire,  please  call  Michelle  Anderson  or  Lina 
Moses  at  (801)  581-5070  or  toll-free  at  (800)  444-8638,  ext.  1-5070. 

SECTION  I:  GENERAL  INFORMATION 

Date  Completed:  _  . 


1.  Name:  _ _ _ 

Last  Name  (please  print) 


First 


Middle 


2.  Address: _ 

Street  Address 


City 


State 


Zip 


3.  Home  Phone:  _ _ 

(Area  Code)  Number 


Work  Phone:  _ 

(Area  Code)  Number 


4.  Birthdate: 


Month  Day  Year 
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SECTION  II:  DEVELOPMENT 


This  section  contains  questions  about  your  growth  and  development  when  you  were  a 
teenager  and  a  young  man. 

1.  How  tall  are  you?  _ _ _ Inches 

2.  How  old  were  you  when  you  reached  this  height?  _ _ • 

3.  What  was  your  weight  at  this  time?  _ • 

4.  When  you  were  a  teenager,  did  you  feel  that  you 
reached  your  maximum  height  earlier,  later,  or  at 

about  the  same  time  as  most  of  your  friends?  EARLIER  LATER  SAME 

5.  When  you  were  a  teenager,  did  you  feel  that  you 
began  shaving  on  a  regular  basis  earlier,  later,  or 

at  about  the  same  time  as  most  of  your  friends?  EARLIER  LATER  SAME 

6.  When  you  were  a  teenager,  did  you  feel  that  your 
voice  began  to  change  earlier,  later,  or  at  about  the 

same  time  as  most  of  your  friends?  EARLIER  LATER  SAME 

SECTION  III:  WEIGHT 

This  section  contains  questions  concerning  your  weight. 

7.  What  has  been  your  usual  weight  between  5  years 

ago  and  one  year  ago?  _ __(lbs) 

8.  Prior  to  one  year  ago,  what  is  the  least  you  have 

ever  weighed  after  you  finished  growing?  _ (lbs) 

9.  Prior  to  one  year  ago,  between  what  years  did  you 

weigh  the  least  after  you  finished  growing?  _ _ . 

10.  Prior  to  one  year  ago,  what  is  the  most  you 

have  ever  weighed?  _ ^ _ _ _ (lbs) 

11.  Prior  to  one  year  ago,  between  what  years  did 

you  weigh  the  most?  _ • 
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12.  How  much  did  you  weigh  when  you  were  35  years  old?  - - (lbs) 

13.  Before  one  year  ago,  was  there  ever  a  period  in  yoiu*  hfe  when  you  lost  30  pounds  or 
more  within  6  months  (e.g.  fasting,  starvation,  illness,  strenuous  dieting)? 

_  Yes  — ^  13a.  In  what  year  did  this  first  occur? _ _ _ • 

_ No 

13b.  How  much  weight  did  you  lose  at  that  time? _ (lbs) 


14.  Before  one  year  ago,  was  there  ever  a  period  in  your  life  when  you  gained  30  or  more 
pounds  within  a  period  of  6  months? 


Yes  — ^ 
No 


14a.  In  what  year  did  this  first  occur?  _ _ • 

14b.  How  much  weight  did  you  gain  at  that  time? _ (lbs) 

14c.  Did  this  weight  gain  occur  within  6  months  of  a  period  of 
being  very  thin,  ill,  or  deprived  of  food?  Yes  No 


SECTION  IV:  MEDICAL  HISTORY 

It  is  not  uncommon  for  men  to  have  breast  problems  at  different  periods  of  life,  especially 
in  the  teenage  years.  We  would  like  to  ask  you  about  any  problem  or  conditions  you  may 
have  had  with  your  breasts,  in  addition  to  other  medical  history.  The  problems  with  your 
breasts  might  include  gynecomastia  (swelling),  lumps,  pain  in  the  breast,  discharge  from 
the  nipple,  or  any  injury  to  your  breast. 

15.  Beginning  with  when  you  were  a  teenager,  have  you  had  any  problems  with  your 
breasts? 

_ Yes 

_ No  — ^  Please  go  on  to  question  16. 
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Please  describe  the  condition,  the  year  the  problem  first  started,  the  year  it  stopped, 
which  breast  was  affected,  whether  or  not  you  saw  a  doctor,  what  diagnosis  the  doctor 


made  and  any  trea 

tment(s)  he  prescribed. 

a. 

Condition 

b. 

First 

Year 

HI 

d. 

Breast 

Side 

e. 

Did  you  see  a 
Doctor? 

f. 

Diagnosis 

g- 

Treatment 

Right 

Left 

Yes  No 

Yes  No 

Right 

Left 

Yes  No 

Right 

Left 

Yes  No 

16.  Have  you  ever  had  a  mammogram?  (A  mammogram  is  an  X-ray  of  the  breast.) 


Yes  — >  16a.  When  did  you  have  your  last  mammogram? 

No 

Month  _ Year _ . 

16b.  How  often  do  you  have  mammograms? 
_ time  (s)  per _ year  (s) 


17.  Have  you  ever  had  any  problems  with  your  breasts  other  than  cancer?  Some 
examples  of  this  may  include;  proliferative  breast  disease  (abnormal  growth  of  cells 
in  the  breast  tissue),  fibrocystic  breast  disease  (lumpy  breasts  due  to  cysts  within 
the  breast),  mastitis  (inflammation  of  the  breast),  or  discharge  from  one  or  both 
nipples? 

_ Yes  — >  17a.  When  was  it  diagnosed? 

_ No 

Month _ ^Year _ . 

17b.  How  was  it  diagnosed? _ . 

17c.  Type  of  problem: _ _ . 
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18.  Have  you  ever  had  a  breast  biopsy?  (A  breast  biopsy  means  a  sample  of  tissue'  was 
removed  from  your  breast.  It  could  have  been  performed  with  a  needle.) 

_ Yes 

_ No  — >  Please  continue  with  question  19. 

Please  hst  the  date  (month  &  year)  of  each  breast  biopsy,  how  old  you  were  at  the  time,  which 
side  was  affected,  the  result  of  the  biopsy,  the  name  of  the  physician  performing  the  biopsy,  and 


t 

he  hospita! 

or  clinic  where  the  procedure  was  performed. 

a. 

Date 

b. 

Age 

c.  Side 
affected 

d.  Result  of  biopsy 
(please  circle  one) 

e. 

Physician 

f. 

Hospital 

1 

[■ 

Right 

Left 

Cancerous  Non-cancerous 

2 

Right 

Left 

Cancerous  Non-cancerous 

3 

Right 

Left 

Cancerous  Non-cancerous 

4 

Right 

Left 

Cancerous  Non-cancerous 

5 

Right 

Left 

Cancerous  Non-cancerous 

19.  Have  you  ever  had  a  lumpectomy?  (A  lumpectomy  is  the  surgical  removal  of  a 
lump  in  the  breast.  (It  may  have  been  cancerous  or  non-cancerous.) 


Yes 

No  — ^  Please  continue  with  question  20. 


Please  list  the  date  (month  &  year)  of  each  lumpectomy,  the  result  of  the  lumpectomy,  which 

1  i  _ 3  ..1 _ _ +-Vi£i  1  linrt  no/'f  r»m  V  CtnA  tViP  Vinftnit.fll  or 


cl 

inic  wnere 

a. 

Date 

tne  proceaure  was  periormea. 

b. 

Result  of  the  lumpectomy 

c.  Side 
affected 

d. 

Physician 

e. 

Hospital 

1 

Cancerous  Non-cancerous 

Right 

Left 

Cancerous  Non-cancerous 

Right 

Left 

Revised:  4/9/99 


20.  Have  you  ever  had  a  mastectomy?  (A  mastectomy  is  the  surgical  removal  of  the 
breast.) 


Yes 

No  — >  Please  continue  with  question  21. 


Please  hst  the  date  (month  &  year)  of  each  mastectomy,  the  reason  for  the  surgery,  which 
breast  was  removed,  circle  the  type  of  procedure  (i.e.  SIMPLE  is  the  surgical  removal  of  the 
breast  tissue  only,  MODIFIED  RADICAL  is  the  surgical  removal  of  the  breast  tissue  and  any  of 
the  the  lymph  nodes  which  are  usually  found  in  the  armpit,  or  RADICAL  is  the  surgical  removal 
of  the  breast  tissue,  the  lymph  nodes  and  part  of  the  chest  wall  muscle)  the  name  of  the 


p] 

ivsician,  and  the  hosi 

iDital  or  clinic  where  the  procec 

.ure  was  performed. 

a. 

Date 

b. 

Reason 

c.  Side 
removed 

d. 

Type 

e. 

Physician 

f. 

Hospital 

1 

Cancer 

OR 

Prpvpntion 

Right  Left 

Both 

Simple 

Modified 

Radical 

9 

Cancer 

OR 

Prevention 

Right  Left 

Both 

Simple 

Modified 

Radical 

3 

Cancer 

OR 

Prevention 

Right  Left 

Both 

Simple 
Modified 
Radical _ 

21.  Have  you  ever  had  a  chest  X-ray? 

_ Yes  — >  21a.  When  did  you  have  your  last  chest  X-ray? 

_ No 

Month _ ^Year _ . 

21b.  How  many  chest  X-rays  have  you  had? 


21c.  How  often  have  you  received  chest  X-rays? 
_ _ time  (s)  per  _ _year  (s) 
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22.  Prior  to  one  year  ago,  have  you  ever  received  a  fluoroscopy?  (A  fluoroscopy  is  an 
examination  where  a  doctor  injects  a  dye,  or  you  swallow  barium,  or  have  a  barium 
enema.  After  one  of  these  takes  place,  the  doctor  then  uses  an  X-ray  machine  to  view 
inside  of  your  body.) 

_ Yes 

_ No  — >  Please  continue  with  question  23. 


For  each  fluoroscopy  you  have  had,  please  hst  the  body  location  that  was  examined,  the  month 
and  year  for  each  fluoroscopy,  the  reason  for  the  fluoroscopy,  the  hospital  or  clinic  in  which  this 
was  performed,  and  the  name  of  the  physician  ordering  the  fluoroscope. . . . . 


a.  Location 
examined 

b. 

Date 

c. 

Reason 

d.  Hospital 
or  Clinic 

e. 

Physician 

1 

2 

’ 

3 

4 

5 
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23.  Prior  to  one  year  ago,  did  you  ever  have  any  of  the  following  medical  procedures  or 
problems  with  your  testes? 

.  _ Yes 

_ No  — ^  Please  continue  with  question  24. 


Please  circle  yes  or  no  for  each  condition  hsted,  which  side  was  affected,  the  year  the  problem 
first  occurred,  the  month  and  year  you  were  seen  by  a  physician,  the  name  of  the  physician  and 
the  name  of  the  hospital  or  chnic  they  practice  in. 


a. 

b. 

c. 

d. 

e. 

Condition 

Side 

Year  First 

Dates 

Physician  & 

Affected 

Occurred 

Seen 

Hospital  Name 

Cancer  or  tumor  of  the 

YES 

Right 

testes 

NO 

Left 

Hydrocele  (an 
accumulation  of  fluid  in 

YES 

Right 

the  scrotum) 

Left 

NO 

Varicocele  (varicose 

YES 

Right 

vein  in  the  scrotum) 

NO 

Left 

Mumps  infection  of 

YES 

Right 

testes 

NO 

Left 

Other  infections  of 

YES 

Right 

testes  Type: 

NO 

Left 

Injury  to  testes 

YES 

Right 

Specify: 

NO 

Left 

Removal  of  1  or  both 

YES 

Right 

testes  Reason: 

NO 

Left 

Vasectomy 

YES 

NO 
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24.  Prior  to  one  year  ago,  have  you  ever  had  any  of  the  following  conditions? 


No  — ^  Continue  with  question  25. 


Please  circle  yes  or  no  for  each  condition  Listed,  fill  in  the  year  it  was  first  diagnosed,  the 
treatment  received,  the  year  it  was  treated,  and  the  name  of  your  physician  and  hospital  or 


a. 

Condition 

Acne 

YES 

NO 

Mumps 

YES 

NO 

Chest  or  Lung  Disease 

YES 

NO 

Cirrhosis  (a  chronic  liver 
disease  characterized  by 
excessive  formation  of  scar 

YES 

tissue,  hardening  and 
contraction) 

NO 

Hepatitis 

YES 

NO 

Jaundice 

YES 

NO 

Other  diseases  of  the  fiver 

YES 

Specify: 

NO 

Diabetes 

YES 

NO 

Cushing’s  Disease 

YES 

(overactive  adrenal  gland) 

NO 

Addison’s  Disease 

YES 

(underactive  adrenal  gland) 

NO 

Pituitarj.'  gland 

YES 

condition 

NO 

Specify: 

Please  continue  on  the  following  page. 
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25.  Prior  to  one  year  ago,  did  you  ever  experience  night  sweats  or  hot  flashes? 

_ Yes  — >  25a.  In  what  year  did  this  begin? 

_ No  _ ^ _ • 

25b.  In  what  year  did  this  stop? 


25c.  Did  you  see  a  physician  for  this? 


Yes  No 
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25d.  What  did  the  physician  say  was  causing  this? 


25e.  Did  you  receive  any  treatment?  Yes  No 

25f.  What  was  the  treatment? 

25g.  In  what  year  did  you  first  receive  treatment? 

26.  Prior  to  one  year  ago,  did  you  ever  have  a  head  injury  serious  enough  that  you  had  to 
be  admitted  to  a  hospital? 

_ Yes 

_ No  — >  Please  continue  with  question  27. 

26a.  Please  describe  the  injury. 

26b.  How  long  were  you  hospitalized? 

_  Days,  Weeks, 

or  Months 

26c.  Have  you  fully  recovered  from  your  injury?  Yes  No 
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27.  Have  you  ever  used  any  hormone  pills,  shots,  creams,  or  lotions?  (Some  examples  of 
hormone  medications  are:  Testosterone,  other  androgens  or  male  hormones.  Estrogen, 
other  female  hormones.  Cortisone,  and  Thyroid  hormones.) 


No  — ^  Please  continue  with  question  28. 


Please  fill  in  the  brand  name  of  the  hormonal  treatment  used,  the  year  you  started  using  it,  the 
year  you  stopped  using  it,  the  dosage  per  week,  circle  if  the  hormone  was  in  the  form  of  a  pill, 
lotion,  cream,  or  shot  and  state  the  reason  for  taking  the  hormone. _ 


b.  c,  d.  e.  f.  These  g. 

First  Last  How  were: 

Brand  Year  Year  often?  (circle)  Reason 


pihs 

shots 


Hormone 


Testosterone 


Other  androgens 
or  male 
hormones 
Specifv: 


Estrogen 


Cortisone 


er  week 


Thyroid 

hormone 


Other  hormones 
Specify: 


er  week 


creams 

lotions 


pills 

shots 

creams 

lotions 


pihs 

shots 

creams 

lotions 


phis 

shots 

creams 

lotions 


phis 

shots 

creams 

lotions 


phis 

shots 

creams 

lotions 
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28.  Have  you  ever  received  hormonal  treatment  for  cancer  or  the  prevention  of 
cancer?  (Such  as  Tamoxifen,  Nolvadex,  Megestrol  or  Megace.) 

_ Yes 

No  — ^  Please  continue  with  question  29. 


Please  state  the  name  of  the  hormone,- the  reason  you  used  it,  the  date  you  first  started,  the 


29.  Have  you  ever  been  told  by  a  physician  that  you  had  any  t3q)e  of  cancer? 


No  — ^  Please  continue  with  question  30. 


Please  hst  each  type  of  cancer  you  have  been  diagnosed  with,  how  old  you  were  at  the  time, 
circle  which  treatments  were  used,  the  name  of  the  physician  diagnosing  the  cancer,  and  the 

hospital  or  clinic  where  the  treatment  was  performed. _ _ _ _ 

a.  Type  b.  c.  Treatment  d.  e. 

of  Cancer  Age  (circle  all  that  annlv)  Physician _ | _ Hospital _ 


Chemotherapy 

Surgery 

Radiation 

Hormones 

Chemotherapy 

Surgery 

Radiation 

Hormones 

Chemotherapy 

Surgery 

Radiation 

Hormones 

Chemotherapy 

Surgery 

Radiation 

Hormones 
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30.  Has  your  cancer  metastasized  (spread)  to  any  other  part  of  your  body? 

_ Yes  — >  30a.  When  were  you  told  that  your  cancer  had  spread? 

_ No 

Month _ Year _ . 

30b.  Where  has  your  cancer  spread? 


30c.  Are  you  currently  disease  free  (is  your  cancer  in 

remission)?  Yes  No 


31.  Have  you  ever  had  radiation  therapy? 


Yes 

No 


Please  continue  with  question  32. 


Please  list  the  starting  and  ending  date  of  the  treatment  (month  &  year),  the  approximate 
number  of  treatments,  the  site  that  was  affected  (i.e.  breast,  colon,  etc.),  the  reason  for  the 
radiation,  the  name  of  the  physician,  and  the  hospital  or  clinic  where  the  procedure  was 


Mm* 

1 

a. 

Start 

Date 

b. 

End 

Date 

c. 

Number  of 
Treatments 

d. 

Site 

e. 

Reason 

1 

Physician 

g- 

Hospital 

1 

2 

3 

4 
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32.  Have  you  ever  had  chemotherapy? 

_ Yes 

No  — >  Please  continue  with  question  33. 


Please  list  the  types  of  chemotherapy  drug  used  (if  known),  the  approximate  starting  and  ending 
date  of  the  treatment  (month  &  year),  the  approximate  number  of  treatments,  the  name  of  the 
physician  administering  the  chemotherapy  treatments,  and  the  hospital  or  clinic  where  the 


JUCUUIC  W  dO 

a. 

Type 

b. 

Start 

date 

c. 

End 

date 

d. 

Number  of 
Treatments 

e. 

Physician 

f. 

Hospital 

1 

2 

3 

4 

1 

33.  Prior  to  one  year  ago,  did  you  ever  take  medication  (such  as.  diet  pills, 
amphetamines,  tranquilizers,  or  antidepressants)  on  a  regular  basis? 


_ Yes 

_ No  — ^  Please  continue  with  question  34. 

Please  state  the  name  of  the  medication,  the  date  you  started  taking  it,  the  date  you  stopped 
taking  it,  how  many  times  a  week  you  took  it,  the  reason  for  the  medicine  and  if  it  was  a 


nrescribed  medication,  the  nhvsician  who  prescribe  it. 

a. 

Name  of 
medication 

b. 

Start 

date 

c. 

End 

date 

d. 

How  often  did 
you  take  it? 

e. 

Reason 

f. 

Physician 

1 

per  week 

2 

per  week 

3 

per  week 

H 

per  week 

per  week 

Revised:  4/9/99 


34.  Have  you  ever  had  any  other  surgery  or  hospitalization  not  previously  mentioned? 
_ Yes 

No  — ^  Please  continue  with  Section  VI. 


Please  list  the  date  (month  &  year)  of  each  surger\'  or  hospitalization,  the  type  of  surgery  (if 
apphcable),  the  reason  for  the  surgery  or  hospitalization,  the  name  of  the  physician,  and  the 
hospital  or  chnic  where  you  were  a  patient.  _ _ _ _ _ 


a. 

Date 

b.  Type 
of  surgery 

c- 

Reason 

d. 

Physician 

e.  Hospital 
or  Clinic 

1 

2 

3 

4 

5 

6 

7 

8 
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SECTION  VI:  SOCIAL  HISTORY 


35.  Dxiring  your  lifetime,  have  you  smoked  at  least  100  cigarettes? 

_ Yes  35a.  How  old  were  you  when  you  started 

_ No  smoking  cigarettes?  _ • 

35b.  Are  you  still  smoking?  Yes  No 

35c.  If  you  have  quit  smoking,  how  old  were 

you  when  you  stopped  smoking  cigarettes? _ . 

35d.  On  average,  how  many  packs  per  day 

do  (did)  you  smoke?  _ _ • 

36.  Have  you  drunk  alcohohc  beverages  such  as  beer,  wine,  or  hard  liquor  more  than  10 
times? 

_ Yes 

_ No  Please  continue  with  Section  VII. 


37.  Have  you  ever  drunk  beer? 

_ Yes 

_ No  Please  continue  with  question  38. 

37a.  For  approximately  how  many  years 

have  you  drunk  beer?  _ 

37b.  For  the  years  you  drank  beer, 
about  how  many  days  per  month 

did  you  drink  it? _ per  month 


37c.  On  the  average  day  that  you  drank  beer, 
how  many  12  ounce  bottles 
did  you  usually  drink? 
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38.  Have  you  ever  drunk  wine? 

_ Yes 

_ No  — y  Please  go  on  to  question  39. 

4a.  For  approximately  how  many  years 

have  you  drunk  wine?  _ • 

4b.  For  the  years  you  drank  wine, 
about  how  many  days  per  month 

did  you  drink  it? _ per  month 

4c.  On  the  average  day  that  you  drank  wine,  how  many 
6  ounce  glasses  did  you  usually  drink? _ . 

39.  Have  you  ever  drunk  hard  hquor? 

_ Yes 

_ No  — y  Please  go  on  to  Section  VII. 

39a.  For  approximately  how  many 

years  have  you  drunk  hquor?  _ years 


39b.  For  the  years  you  drank  hquor, 
about  how  many  days  per  month 

did  you  drink  it? 


39c.  On  the  average  day  that  you  drank  hquor, 
how  many  drinks  (1.5  ounces) 
did  you  usually  drink?  _ 


per  month 


drinks 
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SECTION  VII:  FAMILY  INFORMATION 


40.  Have  you  ever  been  married  or  lived  as  married? 
_ Yes 

_ No  — ^  Please  go  on  to  question  41. 


For  each  marriage,  please  state  your  age  when  you  were  married,  how  long  you 

lived  with  this  person  (specify  years),  whether  you  are  widowed,  separated, 

divorced,  or  still  together,  if  you  have  remarried,  and  the  number  of  pregnancies  resulting  from 


this  union. 


LIO  UillVJX 

a. 

Age 

.. 

b.  How  long  were 
you  married? 

c.  Marital  Status 
(circle  one) 

d.  Have  you 
remarried? 

e.  Number  of 
pregnancies 

1 

Years 

Married 

Widowed 

Divorced 

Separated 

Yes 

No 

2 

Years 

Married 

Widowed 

Divorced 

Separated 

Yes 

No 

3 

Years 

Married 

Widowed 

Divorced 

Separated 

Yes 

No 

4 

Years 

Married 

Widowed 

Divorced 

Separated 

Yes 

No 

5 

Years 

Married 

Widowed 

Divorced 

Separated 

Yes 

No 

41.  Did  you  and  your  wife  or  companion  try  for  two  or  more  years  to  have  a  child? 


Yes  — ^ 
No 


41a.  How  many  years  did  you  try  to  conceive  a  child? 

_ _ ^Years 

41b.  Did  your  wife  or  companion  see  a  physician?  Yes 

41c.  Did  you  see  a  physician?  Yes 

41d.  Was  the  problem  with  you,  your  wife  or  companion, 
or  both? 

Me  Wife/Companion  Both 

41e.  Please  describe  the  problem: 
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41f.  Did  your  wife  or  companion  receive  treatment?  If  so,  what 
type  of  treatment  did  she  receive? 

41g.  Did  you  receive  any  treatment?  If  so,  what  type  of 
treatment  did  you  receive? 

41h.  Were  you  then  able  to  conceive  a  child?  Yes  No 

SECTION  IX;  PERSONAL  INFORMATION 

42.  In  what  coxmtry  were  you  born?  _ 

43.  Which  best  describes  your  race? 

White  or  Caucasian! 

Asian  or  Pacific  Islanders 
Hispanics 

44.  What  is  your  ethnic  background  or  ancestry?  (Circle  all  that  apply.) 


African! 

Chinese2 

Danishs 

Enghsh4 

Filipinos 

Frenche 

German? 

Greeks 

Hawaiiang 

Hispanic!o 

Irishi! 

Italiani2 

Japanese!3 

Jewish!4 

Korean!5 

Mexican  !6 

Native  American!? 

Norwegian!8 

Polish  !9 

Russian2o 

Scotish2i 

Swedish22 

Spanish23 

Tongan24 

Welsh25 

Other26 

Specify: 

, 

(Circle  one  or  two.) 

Black  or  African  American2 
Native  American4 
Others  Specify: _ _ 
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45.  Which  of  the  following  categories  best  describes  your  total  household  income  before 
taxes  for  the  past  year?  (Circle  one.) 

Less  than  $20,000i  $20,000-50,0002 

Greater  than  $50,0003  Other4 


46.  What  is  the  highest  level  of  school  or  college  that  you  have  completed?  (Check  one) 
_ 11th  grade  or  less  (not  a  high  school  graduate): 

_ High  school  graduate  or  G.E.D.2 

_ ^Vocational  or  technical  school  after  high  schooL 

_ Some  college  including  2  year  degrees4 

_ Bachelor’s  Degrees 

_ ^Master’s  Degrees 

_ Doctoral  Degree  (Ph.D.,  MD,  JD,  etc.)? 

47.  Which  best  describes  your  current  marital  status?  (Circle  one.) 

Married:  Separated2 

Divorceds  Never  married4 

Widoweds  Living  as  marriedc 
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48.  What  is  your  religious  preference?  (Circle  one.) 


Catholici 

Muslim2 

Jewishs 

Presbyterian4 

LDSs 

Protestants 

Methodist? 

Have  no  rehgious  preferences 

Others  Specify: 


49.  Thank  you  for  taking  the  time  to  complete  this  questionnaire.  Should  the 
need  arise,  may  we  contact  you  again? 

YES  NO 
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Dear  Participant: 

Thank  you  for  participating  in  our  research.  The  purpose  of  this  study  is  to  investigate  certain 
elements  that  may  affect  a  woman’s  risk  for  breast  cancer.  It  is  being  conducted  by  the 
University  of  Utah  and  has  been  funded  by  the  National  Institutes  of  Health. 

The  questionnaire  begins  with  general  information  about  yourself  and  then  moves  on  to 
questions  about  your  medical  history,  reproductive  history,  hormone  usage,  and  social  factors. 
Some  questions  require  you  to  recall  events  that  happened  in  the  past.  Think  about  them 
carefully  and  answer  them  as  best  you  can.  You  do  not  have  to  answer  every  question  if  you  are 
not  comfortable  in  doing  so.  Every  answer  you  give  us  will  contribute  to  our  research. 

The  information  you  give  us  in  this  questionnaire  will  be  treated  with  care.  All  names  and 
responses  will  be  kept  confidential  and  used  for  research  purposes  only.  Please  return  this 
questionnaire  in  the  pre-addressed,  postage-paid  envelope  provided.  If  you  have  any  questions 
about  the  questionnaire,  please  call  Michelle  Anderson  or  Laura  Ellis  at  (801)  581-5070  or 
toll-free  at  (800)  444-8638,  ext.  1-5070. 


SECTION  I;  GENERAL  INFORMATION 
Date  Completed:  _ 


1.  Name:  _ 

Last  Name  (please  print)  First 


Middle  (Maiden) 


2.  Address: _ 

Street  Address 


City 


State 


Zip 


3.  Home  Phone:  _ _ Work  Phone:  _ 

(Area  Code)  Number  (Area  Code)  Number 

4.  Birthdate:  _ 

Month  Day  Year 
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SECTION  II;  MEDICAL  HISTORY 


1.  Do  you  examine  your  own  breasts  for  lumps? 

—  Yes  — >  la.  About  how  often  do  you  examine  your  breasts  for  lumps? 

- No  _ times  per  year 

lb.  Have  you  ever  detected  a  lump?  YES  NO 

lc.  If  so,  was  it  examined  by  a  physician?  YES  NO 

2.  Have  you  ever  had  a  clinical  breast  exam  performed  by  a  doctor  or  nurse? 

_ Yes  — >  2a.  When  was  your  last  clinical  breast  exam? 

_ No  Month _  Year _ . 

2b,  How  often  do  you  have  a  clinical  breast  exam? 

_ ^time  (s)  per  year  OR  once  every _ years 


2c. 

Has  the  doctor  ever  detected  a  lump? 

YES 

NO 

2d. 

If  so,  did  you  have  a  biopsy? 

YES 

NO 

3.  Have  you  ever  had  a  mammogram?  (A  mammogram  is  an  x-ray  of  the  breast.) 
_ Yes 

_ No  Please  continue  with  question  4. 
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* 

Please  list  each  mammogram  you  have  had  in  the  past  five  years.  State  the  month  and  yetir  of  each 
mammogram,  the  reason  for  the  mammogram  (circle  one  or  specify  if  mamogram  was  for  another 
reason),  the  physician  requesting  it,  the  hospital  or  clinic  where  you  were  a  patient,  and  the  result  of 
the  mammogram. _ 


1 

DATE 

b. 

REASON 

c. 

PHYSICIAN 

d,  HOSPITAL 
OR  CLINIC 

e. 

RESULT 

1 

Routine  Exam 

Lump 

Other: 

2 

Routine  Exam 

Lump 

Other: 

3 

Routine  Exam 

Lump 

Other: 

4 

Routine  Exam 

Lump 

Other: 

5 

Routine  Exam 

Lump 

Other: 

6 

Routine  Exam 

Lump 

Other: 

4.  Have  you  ever  had  a  chest  X-ray? 

_ Yes  4a.  When  did  you  have  your  last  chest  X-ray? 

_ No  Month  _ ^Year _ . 

4b.  How  often  do  you  have  a  chest  X-ray? 

_ time  (s)  per  year  OR  once  every _ years 

4c.  How  many  chest  X-rays  have  you  had 

in  your  lifetime?  _ 


5.  Have  you  ever  had  any  problems  with  your  breasts  other  than  cancer?  Some  examples  of 
this  may  include:  proliferative  breast  disease  (abnormal  growth  of  cells  in  the  breast 
tissue),  fibrocystic  breast  disease  (lumpy  breasts  due  to  cysts  within  the  breast), 
mastitis  (inflammation  of  the  breast),  or  discharge  from  one  or  both  nipples. 

_ Yes  — >  5a.  Type  of  problem: _  . 

_ No 

5b.  When  did  this  begin? 

Month  _ ^Year _ . 

5c.  Did  you  see  a  physician  for  this  problem?  YES  NO 
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Have  you  ever  had  a  breast  biopsy?  (A  bi’east  biopsy  means  a  sample  of  tissue  was 
removed  from  your  breast.  It  could  have  been  performed  with  a  needle.) 

_ Yes 

_ No  — >  Please  go  on  to  question  7. 


Please  hst  the  date  (month  &  year)  of  each  breast  biopsy,  how  old  you  were  at  the  time,  which  breast 
was  biopsied,  the  result  of  the  biopsy,  the  name  of  the  physician  performing  the  biopsy,  and  the 
hogpitaI_or  clinic  where  the  procedure  was  performed. 


1 

a. 

Date 

b. 

Age 

c. 

Breast  affected 

d.  Result  of  biopsy 
(circle  one) 

1 

Right 

Left 

Cancerous 

Non-cancerous 

2 

Right 

Left 

Cancerous 

Non-cancerous 

3 

Right 

Left 

Cancerous 

Non-cancerous 

4 

Right 

Left 

Cancerous 

Non-cancerous 

7.  Have  you  ever  had  a  lumpectomy?  (A  lumpectomy  is  the  surgical  removal  of  a  lump  in 
the  breast.  It  may  have  been  cancerous  or  non-cancerous.) 

_ Yes 

_ No  — >  Please  go  on  to  question  8. 


Please  hst  the  date  (month  &  year)  of  each  lumpectomy,  the  result  of  the  lumpectomy,  which  breast 
was  affected,  the  name  of  the  physician  performing  the  lumpectomy,  and  the  hospital  or  cUnic  where 
the_2rocedure_was_performed.  _ ^ _ 


i 

A* 

Date 

b. 

Age 

c.  Result  of 
Lumpectomy 

d. 

Breast  affected 

e. 

Physician 

f. 

Hospital 

1 

Cancerous 

Non-cancerous 

Right  Left 

2 

Cancerous 

Non-cancerous 

Right  Left 

8.  Have  you  ever  had  a  mastectomy?  (A  mastectomy  is  the  surgical  removal  of  a  breast.) 
_ Yes 

_ No  — >  Please  go  on  to  question  9. 
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Please  list  the  date  (month  &  year)  of  each  mastectomy,  the  reason  for  the  surgery,  which  breast  was 
removed,  circle  the  type  of  procedure  (i.e.  SIMPLE  is  the  surgical  removal  of  the  breast  tissue  only. 
MODIFIED  RADICAL  is  the  surgical  removal  of  the  breast  tissue  and  any  of  the  the  lymph  nodes 
which  are  usually  found  in  the  armpit,  or  RADICAL  is  the  surgical  removal  of  the  breast  tissue,  the 
lymph  nodes  and  part  of  the  chest  waU  muscle)  the  name  of  the  physician,  and  the  hospital  or  clinic 


a. 

Date 

b. 

Reason 

c. 

Breast  removed 

d. 

Type 

e. 

Physician 

f. 

Hospital 

1 

Cancer 

Preventative 

Right  Left 
Both 

Simple  Modified 
Radical 

,  ■ 

2 

Cancer 

Preventative 

Right  Left 
Both 

Simple  Modified 
Radical 

9.  Have  you  ever  had  breast  implants? 

_ Yes 

_ No  — >  Please  go  on  to  question  10. 

Please  list  the  date  (month  &  year)  of  each  surgery,  the  reason  for  the  surgeryreconstructive  after 


a. 

Date 

b. 

Reason 

c. 

Breast  affected 

d. 

Type 

1 

Reconstruction  or 
Augmentation  or  Cosmetic 

Right 

Left 

Both 

Silicone 
Other  (name): 

Saline 

2 

Reconstruction  or 
Augmentation  or  Cosmetic 

Right 

Left 

Both 

Silicone 

Other  (name): 

Saline 

9e.  Do  you  still  have  implants?  YES  NO 


9f.  If  the  implants  have  been  removed,  please  state  the  date  and  the  reason  for 
their  removal. 

Date: 


Reason: 


10.  Have  you  ever  had  a  hysterectomy?  (A  hysterectomy  is  the  surgical  removal  of  the 
uterus.) 

_ Yes 

_ No  — >  Please  go  on  to  question  11. 

Please  list  the  date  (month  &  year)  of  your  hysterectomy,  circle  the  reason  for  the  surgery,  the  name 
of  the  physician  performing  the  surgery,  and  the  hospital  or  clinic  where  the  procedure  was 
performed.  _ 


a.  Date 

b.  Reason 

c.  Physician 

d.  Hospital 

Cancer  Prevent  Cancer 

Excess  bleeding  Other  (describe) 
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11.  H^ave  you  ever  had  an  oophorectomy?  oophorectomy  is  the  surgical  removal  of  an 
»  ovary.) 

_ Yes 

_ No  — >  Please  go  to  question  12. 


Please  hst  the  date  (month  &  year)  your  ovaries  were  removed,  circle  the  reason  for  the  surgery, 
which  ovary  was  affected,  the  name  of  the  physician  performing  the  surgery,  and  the  hospital  or 
clinic^[here_die_procedure_was_performed; _ 


1 

a. 

Date 

b. 

Reason 

c.  Ovary 
removed 

d. 

Physician 

E 

Cancer  Prevent  Cancer 

Other  (describe): 

Right  Left  Both 

2 

Cancer  Prevent  Cancer 

Other  (describe): 

Right  Left  Both 

12.  Have  you  ever  had  a  tubal  ligation?  (Performed  to  prevent  pregnancy,  “tubes  tied.”) 


_ Yes  ^  12a.  When  did  this  occur? 

_ No  Month _  Year 


13.  Have  you  ever  been  told  by  a  physician  that  you  had  any  type  of  cancer? 
_ Yes 

_ No  — >  Please  go  on  to  question  17. 


Please  list  each  type  of  cancer  were  diagnosed  with,  how  old  you  were  at  that  time  and  year,  circle 
which  treatments  were  used,  the  name  of  the  physician  who  diagnosed  the  cancer,  and  the  hospital 


1 

a.  Cancer  Type 
b.  Location 

c. 

Age 

d.  Treatment 
(circle  all  that  apply) 

e. 

Physician 

1 

Chemotherapy  Surgery 

Radiation  Hormones 

Chemotherapy  Surgery 

Radiation  Hormones 

Chemotherapy  Surgery 

Radiation  Hormones 

I 

Chemotherapy  Surgery 

Radiation  Hormones 
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14.  Has  your  cancer  metastasized  (spread)  to  any  other  part  of  your  body? 


Yes  -> 
No 


14a.  When  were  you  told  that  your  cancer  had  spread? 

Month  _ ___Year  _ _ . 

14b.  Where  did  your  cancer  spread? 


15.  Are  you  currently  disease  free  (is  your 

cancer  in  remission)?  YES 

16.  Have  you  ever  had  radiation  therapy? 

_ Yes 

—  No  — >  Please  go  on  to  question  17. 


Please  list  the  starting  and  ending  treatment  dates  (month  &  year),  the  approximate  number  of 
treatments,  the  site  that  was  treated  (i.e.  breast,  colon,  etc.),  the  reason  for  the  radiation  (if  other 

t  at  cancer,  please  decribe),  the  name  of  the  physician,  and  the  hospital  or  chnic  where  the  procedure 
was  performed. 


1 

a. 

Start 

date 

b. 

End 

date 

c. 

# 

d. 

Site 

e. 

Reason 

f. 

Physician 

g- 

Hospital 

I 

Cancer 

Other: 

Cancer 

Other: 

Cancer 

Other: 

1 

Hi 

Cancer 

Other: 
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ll.  Ifeve  you  ever  had  chemotherapy? 

’  _ Yes 

_ No  — >  Please  go  on  to  question  18. 

Please  list  the  narae(s)  of  the  chemotherapy  drugs  used  (if  known),  the  approximate  starting  and 
ending  treatment  dates  (month  &  year),  the  approximate  number  of  treatments,  the  name  of  the 
physician  administering  the  chemotherapy  treatments,  and  the  hospital  or  cHnic  where  the  procedure 
was  performed. _ 


a.  Name  of 
Chemotherapy 

b.  Start 
date 

c.  End 
date 

d. 

# 

e. 

Physician 

^HHI 

2 

3 

4 

18.  Have  you  ever  received  hormonal  treatment  for  cancer  or  for  the  prevention  of 
cancer?  (Such  as  Tamoxifen,  Nolvadex,  Megestrol  or  Megace.) 


_ Yes 

_ No 


Are  you  currently  taking  any  hormones?  Yes 

Name  of  hormone; 


No 


Please  hst  the  name  of  the  hormones  used,  the  reason  for  use  and  the  number  of  piUs  taken  daily 
the  starting  and  ending  treatment  dates  (month  &  year),  and  the  name  of  the  physician 
administering  the  hormones. 


1 

a.  Name  of 
hormone 

b. 

Reason  for  use 

c.  Start 
date 

d.  End 
date 

e. 

Physician 

■ 

Hi 
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19.  Have  you  ever  been  hospitalized  or  had  any  other  surgery  not  previously  mentioned? 
_ Yes 

_ No  — >  Please  go  on  to  question  20. 


Please  hst  the  date  (month  &  year)  of  each  hospitalization  or  surgery,  the  type  of  surgery  (if 
appicable),  the  reason  for  the  hospitalization  or  surgery,  the  name  of  your  physician,  and  the  hospital 
or  clinic  where  you  were  a  patient.  _ 


1 

a. 

Date 

b.  Type  of 
surgery 
(if  applicable) 

c.  Reason  for 
surgery  or 
hospitaliztion 

d. 

Physician 

e. 

Hospital 
or  Clinic 

1 

2 

3 

4 

5 

P 
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20.  Have  you  ever  been  diagnosed  with  any  illness  or  disease  (such  as:  Hay  Fever,  Asthma,  or 
Eczema)  not  previously  mentioned? 

_ Yes 

_ No  — >  Please  go  on  to  Section  III. 


Please  state  the  name  of  the  illness  or  disease,  the  age  you  were  when  it  occurred,  the  year  it  was 
^;^222£®dj^,the^nanm^^TOu^^ih^siman^ndLthe^lios£ita^o^dini^wher^^o^were^eem^^^^^^^^^^^^^ 


a.  Name  of  illness 
or  disease 


b. 

Age 


c.  Year  it  was 
diagnosed 


d. 

_Ph2^sician_ 


e.  Hospital  or 
Clinic 
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SECTION  III;  FERTILITY 


21.  Including  all  pregnancies  (livebirths,  stillbirths,  tubal  or  other  ectopic  pregnancies, 
abortions  and  miscarriages),  how  many  times  have  you  been  pregnant? 

If  you  have  never  been  pregnant,  please  go  on  to  Question  22. 

Please  hst  the  year  of  each  pregnancy,  the  number  of  weeks  pregnant  (full  term  =  40  weeks), 
whether  the  pregnancy  ended  in  a  hvebirth,  stillbirth,  miscarriage,  abortion  or  tubal/ectopic 
pregnancy ,  whether  or  not  you  breastfed  this  child,  and  the  number  of  months  you  breastfed  each 
child.  PREGN  ANCYOUTCOME 


b.  c  d.  e.  £  g,  h. 

Weeks  C-Section  Tubal 

Year  Pregnant  Livebirth  YES  or  NO  Stillbirth  Miscarriage  Abortion  /Ectopic 


Breast 

Fed 


Number 
of  weeks 
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^2.  Have  you  ever  had  difiEiculty  in  becoming  pregnant  or  in  carrying  a  baby  to  full  term? 
,  (This  may  have  been  due  to  several  miscarriages.) 

_ Yes  ^  22a.  Please  describe  the  difficulty: 

No 


22b.  Have  you  seen  a  doctor  regarding  any  of  these  difficulties? 

YES  NO 

23.  Have  you  ever  taken  medication  to  increase  your  chances  of  becoming  pregnant? 

_ Yes  — ^  23a.  Name  of  medication(s):  _ _ 

—  No  23b.  How  many  months  did  you  take  this  medication? _ 

23c.  In  what  year  did  you  begin  taking  this  medication?  19 _ 

23d.  In  what  year  did  you  stop  taking  this  medication?  19 _ 

24.  Have  you  ever  had  a  menstrual  period? 

— Yes  >  24a.  How  old  were  you  when  you  had  your  first  period? _ 

_ No 

25.  Did  your  first  period  start  naturally? 

- Yes  25a.  Why  didn’t  your  first  period  start  by  itself? 

_ No  -> 

25b.  When  was  this  problem  diagnosed? 

Month  _ ^Year 
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26.  Have  your  periods  stopped  completely? 

- Yes  >  26a.  When  did  your  periods  stop? 

- No  Month _ ^Year 

26b.  Why  did  your  periods  stop?  (Select  only  one.) 

_ Natural  menopause  (change  of  life) 

_ Because  of  hysterectomy  (uterus  and/or  ovaries  removed) 

_ Took  medication  that  stops  periods  (i.e.  Chemotherapy) 

_ Other  Specify:  _ 


27.  Would  you  describe  the  occurrence  of  your  menstrual  cycle  as:  (Circle  one.  -  By  regular  we 
mean  that  the  start  of  your  period  was  predictable  within  five  days.) 

Always  regulari  Always  irregular.! 

UsuaUy  regular2  Usually  irregular^ 


28.  About  how  many  days  are/were  there  from  the  first  day  of 
one  period  to  the  first  day  of  your  next  period? 


29.  Throughout  your  life,  would  you  say  your  menstrual  flow  usually  was:  (Circle  one.) 

Extremely  Heavyi  Averages  Light4 

Heavy2  Extremely  Light.--, 

30.  Have  you  ever  used  a  diaphragm  (to  prevent  pregnancy)  and  stored  it  in  powder? 

—  Yes  — >  30a.  What  type  of  powder  did  you  use? 

_ No 

30b.  How  old  were  you  when  you  began  storing 
your  diaphragm  in  powder? 

30c.  How  old  were  you  when  you  stopped 

storing  your  diaphragm  in  powder?  _ 

30d.  Would  you  usually  wash  your  diaphragm 

before  using  it?  YES  NO 
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31.  Have  you  ever  powdered  your  sanitary  napkins  before  using  them? 

_ Yes  — >  31a.  What  type  of  powder  did  you  use? 

_ No 

,3 lb.  How  old  were  you  when  you  began  powdering 

your  sanitary  napkins?  _ 

31c.  How  old  were  you  when  you  stopped 

powdering  your  sanitary  napkins?  _ 

32.  Have  you  ever  dusted  your  genitals  with  powder  after  bathing? 

_ Yes  — ^  32a.  What  type  of  powder  did  you  use? 

_ No 

32b.  How  old  were  you  when  you  began  dusting 

yoiur  genitals  with  powder  after  bathing?  _ 

32c.  How  old  were  you  when  you  stopped  dusting 

your  genitals  with  powder  after  bathing?  _ 

32d.  About  how  often  would  you  dust  your 

genitals  with  powder  after  bathing? _ times  per  month 

33.  Have  you  ever  used  a  feminine  hygiene  deodorant  spray  on  your  genitals? 

—  Yes  — >  33a.  What  type  of  genital  deodorant  spray  did  you  use? 

_ No  _ _ 

33b.  How  old  were  you  when  you  began  using 

genital  deodorant  spray?  _ 

33c.  How  old  were  you  when  you  stopped  using 

genital  deodorant  spray?  _ 

33d.  About  how  often  would  you  use 

genital  deodorant  spray?  _ ^times  per  month 
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SECTION  IV;  FEMALE  MEDICATION 

t 

34.  Have  you  ever  used  birth  control  pills,  implants  or  injections  to  prevent  pregnancy  or  for 
any  other  reason? 

_ Yes  Are  you  currently  taking  birth  control  pills?  Yes  No 

_ No  — >  Please  go  on  to  question  2. 


Please  list  the  age  you  started  and  ended  using  birth  control,  the  length  of  time  used,  the  reason 
for  usage,  and  the  method  used  for  each  time  you  took  contraceptive  measures. 


d. 

Reason 
circle  onel 


Birth  Control 
Regulate  Periods 
Other:  (specify) 


Birth  Control 
Regulate  Periods 
Other:  (specify) 


Birth  Control 
Regulate  Periods 
Other:  (specify) 


Birth  Control 
Regulate  Periods 
Other:  (specify) 


Birth  Control 
Regulate  Periods 
Other:  (specify) 


Birth  Control 
Regulate  Periods 
Other:  (specify) 


Birth  Control 
Regulate  Periods 
Other:  (specify) 


Birth  Control 
Regulate  Periods 
Other:  (specify) 


e. 

Method  (circle  one) 

Pills 

Implants 

Injections 

Pills 

Implants 

Injections 

Pills 

Implants 

Injections 

Pills 

Implants 

Injections 

PUls 

Implants 

Injections 

Pills 

Implants 

Injections 

Pills 

Implants 

Injections 

Pills 

Implants 

Injections 

j 
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35.  Have  you  ever  used  estrogen,  progestin,  progesterone,  Premarin,  Prempo,  Provera  or  any 
.  other  female  hormone  (other  than  previously  indicated)? 


No  — >  Please  go  on  to  Section  V. 


Please  hst  the  age  you  started  and  ended  using  female  hormones,  the  name  of  the  hormone  used, 
the  reason  it  was  used  (i.e.,  for  menopause,  regulation  of  periods,  etc.),  the  length  of  time  used 
(indicate  in  months),  and  circle  the  method  used  for  each  time  you  used  female  hormones. 


f. 


c. 

Hormone 

d. 

Name 

Reason 

Method  (circle  one 


■ 


Months 

Injections  Skin  Patches 

Pills  Skin  Creams 

Vaginal  Suppositories 

Months 

Injections  Skin  Patches 

Pills  Vaginal  Creams 

Vaginal  Suppositories 

Months 

Injections  Skin  Patches 

PiUs  Vaginal  Creams 

Vaginal  Suppositories 

Months 

Injections  Skin  Patches 

PiUs  Vaginal  Creams 

Vaginal  Suppositories 

Months 

Injections  Skin  Patches 

Pills  Vaginal  Creams 

Vaginal  Suppositories 

Months 

Injections  Skin  Patches 

puis  Vaginal  Creams 

Vaginal  Suppositories 
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SECTION  V;  SOCIAL  HISTORY 


36.  During  your  lifetime,  have  you  smoked  at  least  100  cigarettes? 


_ Yes  — >  36a.  How  old  were  you  when  you  started 

_ No  smoking  cigarettes? 


36b.  Are  you  still  smoking? 


YES 


36c.  If  you  have  quit  smoking,  how  old  were 

you  when  you  stopped  smoking  cigarettes? 

36d.  On  average,  how  many  packs  per  day  do  (did) 
you  smoke? 


NO 


37 .  Have  you  drunk  alcoholic  beverages  such  as  beer,  wine,  or  hard  liquor 
more  than  10  times? 

_ Yes 

_ No  — >  Please  go  on  to  Section  VI. 

38.  Have  you  ever  drunk  beer? 

_ Yes 

_ No  — >  Please  go  on  to  question  39. 

38a.  For  approximately  how  many  years  have  you  drunk  beer? 


38b.  For  the  years  you  drank  beer,  about  how  many 
days  per  month  did  you  drink  it? 

_ per  month 

38c.  On  the  average  day  that  you  drank  beer,  how  many 
12  ounce  bottles  did  you  usually  drink? _ 
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39.  Have  you  ever  drunk  wine? 

_ Yes 

_ No  — ^  Please  go  on  to  question  40. 


39a.  For  approximately  how  many  years  have  you  drunk  wine? 


39b.  For  the  years  you  drank  wine,  about  how  many  days 
per  month  did  you  drink  it? 


per  month 


39c.  On  the  average  day  that  you  drank  wine,  how  many 
6  ounce  glasses  did  you  usually  drink?  _ 


40.  Have  you  ever  drunk  hard  hquor? 


_ Yes 

_ No  — ^  Please  go  on  to  Section  VI. 


40a.  For  approximately  how  many  years  have  you  drunk  liquor? 


40b.  For  the  years  you  drank  hquor,  about  how  many  days 
per  month  did  you  drink  it? 


per  month 


40c.  On  the  average  day  that  you  drank  hquor  how  many 
drinks  (1.5  ounces)  did  you  usuaUy  drink? 
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SECTION  VI;  PERSONAL  INFORMATION 

41.  Place  of  Birth:  _ _ _ 

City  State  Country 

42.  Which  best  describes  your  race?  (Circle  one  or  two.) 

White  or  Caucasian]  Black  or  African  Ameri ratio 

Asian  or  Pacific  Islanders  Native  American^ 

Hispanics  Others  Specify:  _ 

43.  What  is  your  ethnic  background  or  ancestry?  (Circle  all  that  apply.) 


African] 

Chinese2 

Danisha 

Enghsh4 

Filipinos 

Frenche 

German? 

Greeks 

Hawaiiano 

Hispanic]o 

Irish]] 

Italian]2 

Japanese  ]3 

Jewish]4 

Korean]5 

Mexican]6 

Native  American]? 

Norwegian]8 

Pohsh]9 

Russian2o 

Scotish2] 

Swedish22 

Spanish23 

Tongan24 

Welsh25 

Other26  Specify: 


44.  What  has  been  your  average  adult  weight?  (lbs) 

45.  What  was  yoiu:  weight  when  you  started  high  school?  (lbs) 

46.  What  was  your  weight  when  you  finished  high  school?  (lbs) 

47 .  What  is  the  heaviest  you’ve  weighed,  not  including  pregnancy?  _ (lbs) 

48.  How  old  were  you  when  you  weighed  the  most?  _ (years  old) 

49.  How  tall  are  you? _ Foot  _ Inches 
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50.  Which  of  the  foUowing  categories  best  describes  your  total  household  income  before  taxes 
for  the  past  year?  (Circle  one.) 

Less  than  $20, OOOi  $20,000-50,0002 

Greater  than  $50,0003  Unknown4 

51.  What  is  the  highest  level  of  school  or  college  that  you  have  completed?  (Check  one.) 

_ 11th  grade  or  less  (not  a  high  school  graduate)] 

_ _ ^High  school  graduate  or  G.E.D.2 

Vocational  or  technical  school  after  high  schools 

_ Some  college  including  2  year  degrees4 

_ Bachelor’s  Degrees 

_ ^Master’s  Degrees 

_ Doctoral  Degree  (Ph.D.,  MD,  JD,  etc.)? 


52.  Have  you  ever  been  married  or  living  as  married? 


_ Yes 

_ No 


Please  go  on  to  question  53. 

For  each  marriage,  please  state  your  age  when  you  were  married,  how  long  you 
have  hved  with  this  person  (specify  months  or  years),  whether  you  are 
widowed,  separated,  or  divorced  from  your  husband,  and  if  you  have  remarried. 


1  Age 

1  How  long  were  you 

1  married? 

Marriage  Outcome 

Have  you 
remarried? 

1 

Months 

Years 

Married 

Widowed 

Divorced 

Separated 

Yes 

No 

2 

Months 

Years 

Married 

Widowed 

Divorced 

Separated 

Yes 

No 

3 

Months 

Years 

Married 

Widowed 

Divorced 

Separated 

Yes 

No 

4 

Months 

Years 

Married 

Widowed 

Divorced 

Separated 

Yes 

No 

5 

Months 

Years 

Married 

Widowed 

Divorced 

Separated 

Yes 

No 
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53.  Which  best  describes  your  current  marital  status?  (Circle  one.) 


54. 


Marriedi 

Divorceds 

Widoweds 

What  is  your  religious  preference? 
Catholici 

Jewish2 

LDS3 

Methodist4 

Others  Specify:  _ 


Separated2 
Never  married4 

Living  as  marriedc 
(Circle  one.) 

Muslims 

Presbyteriane 

Protestant? 

Have  no  religious  preferences 


56.  Thank  you  for  taking  the  time  to  complete  this  questionnaire.  Should  the  need 
arise,  may  we  contact  you  again? 

YES  NO 
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Ph.D.  1986,  University  of  Minnesota,  St.  Paul,  MN.  Plant  Breeding  and  Genetics. 
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Prevalence  and  Characterization  of  BRCA2  in  Male  Breast  Cancer  Cases,  (06/15/96  to  06/15/01). 
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Mapping  of  Non-HLA  Loci  for  Gluten  Sensitive  Enteropathy,  (09/16/96  to  08/3 1/01).  NIH 
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Four-Corners  Breast  and  Endometrial  Cancer  Study,  (12/1/99  to  1 1/30/04).  NIH  Grant.  Co- 
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Grant.  Principal  Investigator  of  subcontract  with  University  of  Pennsylvania. 
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Investigator. 

PAST  RESEARCH  AWARDS; 

Mapping  Colorectal  Cancer  Susceptibility  Loci,  (08/01/94  to  05/31/00).  NIH  Grant.  Principal 
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Identification  and  Genetic  Mapping  of  Genes  for  Hereditary  Breast  Cancer  and  Ovarian  Cancer 
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